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BULLETIN 242 NOVEMBER,1932 
DRAINAGE OF LAND OVERLYING AN 
ARTESIAN GROUND-WATER 
RESER\TOIR 
PROGRESS REPORT 
O. W. ISRAELSEN AND W. W. McLAUGHLIN 
Water spouting from artesian ground-water 
reservoir, Cache County, Utah 
This publication is based on data gathered under co-
operative agreement between the Bureau of Agricultural 
Engineering, United States Department of Agriculture, and 
the Utah Agricultural Experiment Station. 
Utah Agricultural Experiment Station 
UTAH STATE AGRICULTURAL COLLEGE 
Logan, Utah 
FOREWORD 
This publication is based on data gathered under co-
operative agreement between the Bureau of Agricultural 
Engineering, United states Department of AgricuJ.ture, 
a nd the Utah Agricultural Experiment Station. The ex-
perimental work at the Utah Station is under the super-
vision of Ithe following committee, each member of which 
has coordinate responsibilit y: Willard Gardner, physicist; 
D. S. Jennings, in charge of soils investigations; and 
o. W. Israelsen, irrigation and drainage engineer. This 
report includes progress of parts of the work on Project 
17 from 1926 to 1931, inclusive. However, the authors as-
sume full responsibility for methods of presentation and 
for conclusions drawn. 
DRAINAGE OF LAND OVERLYING AN AR-
TESIAN GROUND-WATER RESERVOIR1 
O. w. ISRAELSEN2 AND W. W. McLAUGHLIN? 
INTRODUCTORY 
Certain tracts of land in the West formerly used to produce grain and 
forage crops now produce only pasture grasses of comparatively low qual-
ity because of the water-logging and alkali accumulation which has occurred 
since irrigation was begun. Other tracts now producing only light crops of 
wild hay probably would produce profitable crops of alfalfa and clover, 
provided the water-table were lowered and the water-logged and alkaline 
condiItion of the soil removed. Still other areas are almost wholly non-
productive because of the concentration of excessive quantities of harmful 
alkali salts. 
Knowledge concerning (1) the causes of water-logging, (2) economical 
methods of drainage and reclamation, and (3) prevention of water-logging 
of low-lying irrigated lands, which thus far have sustained no injury from 
excess water, is essential Ito the perpetuity of profitable agriculture in many 
parts of the arid region. 
Drainage of water-logged lands overlying artesian ground-water reser-
voirs is complicated by the obscurity of the sources of excess water and also 
by the fact thalt movement of water in the soils is extremely slow because 
of the comparatively fine texture and compact structure of the soils. 
Problems of drainag€ and reclamation of lands overlying such a reser-
voir have been investigated for a number of years on the typical Cache 
Valley Artesian-basin l\rea in Utah. A technical mathematical study of the 
movement of water into drains and of the cost elements in drainage by 
pumping was published in 19284 • Utah Station Bulletin 242 is a non-tech-
nical report of progress in some phases of the research; it is planned to 
present a final report, upon the completion of the 1932 observations. 
The soils and subsoils of the lower parts of Cache Valley were trans-
ported by rivers from nearby mountains and deposited in a prehistoric lake. 
In ptany places the subsoils thus formed have a depth of 100 feet or more. 
The fine-textured soils and subsoils which are from 40 to 50 or more feet 
in depth have been deposited from the waters of the ancient Lake Bonneville. 
Below the fine-textured surface soils the water in the gravel is under 
pressure and flowing wells are abundant throughout the area. During the 
summer season, when the rate of evaporation is high, the surface soil some-
times becomes quite dry, unless it is irrigated frequently. During cool, 
cloudy and rainy periods, however, when the rate of evaporation is low, 
the surface soils become completely saturated, partly from the rains and 
Acknowledgments: 'The authors gratefully acknowledg e their indebtedness to the di-
rectors of Cache County Drainage Distlrict No. 2 and to Mr. T. H. Humphreys, Civil 
Engineer, who conducted the topographic surveys and prepared a contour map, which has 
been of great aid in these investigations. ,Messrs. Matt Ewing , Robert Jennings, C. H. 
Milligan, J. H. Merrill, and Willis Tingey have rendered valuable assistance in the work. 
During 1930 and 1931 Mr. Milligan carried considerable responsibility in collecting field data 
and iIll keeping records. 
lContribution from the Departments of 'Irrigation and Drainage Engineering, Physics, 
and :Soils, Utah Agricultural Experiment .Station. 
2Jrrigation and Drainage Engineer, Utah Agricultu;ral Experiment Station. 
3Chief, Division of Irrigation, Bureau of Agricultural Engineering, United States De-
partment of Agriculture. 
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excess irrigation water and partly as a result of upward flow from the 
water-bearing gravels. 
Although the waste water from the higher irrigated lands, which has 
percolated into the deep water-bearing gravels of the basin since irrigation 
was begun, has doubtless increased the rate of upward flow of water and 
concentration of alkali in the surface soils of the lower lands overlying the 
ground-water reservoir, it is probable that some water moved upward from 
the water-bearing gravels and thus contributed to the concentration of alkali 
under the natural conditions which prevailed before the valley lands were 
cultivated by man. 
NEED FOR DRAINAGE AND ESTIMATES OF COSTS 
The need for drainage of a tract of approximately 8400 acres has been 
recognized for some time by both landowners and public officials. On 
August 8, 1921, the County Commissioners of Cache County created Cache 
County Drainage District No.2, which includes most of the lands on which 
the experiments herein reported were conducted. 
During the autumn of 1921 and the spring of 1922, the Humphreys 
Brothers, engineers for the district, made a thorough study of ground-
water conditions and of the need for drainage. The report (dated May, 
1922) of the engineers to the supervisors of the district includes a record 
of the depth of the water-table in October, 1921 and in April, 1922, as found 
at nearly 100 points of measurement within the district. 
On the basis of these water-table depth measurements, the engineerR 
determined land-arEa and water-table-depth relations as follows: 
(1) Areas on which the water-table was even with the land surface. 
(2) Areas having a water-table from 0 to 2 feet below the land surface. 
(3) Areas having a water-table from 2 to 4 feet. 
(4) Areas having a water-table from 4 to 6 feet. 
(5) Areas having a water-table more than 6 feet below the land surface. 
The depths to the water-table as determined by the engineers are sum-
marized herewith: 
Position of the water-table in relation to different areas of the land surface, 
Cache County Drainage District No.2, during October, 1921 and 
April, 1922. 
Date 
October, 1921 I 
I 
I 
I 
I 
I 
I 
April, 1922 
I 
I 
I 
I 
I 
I 
I 
I 
Depth to 
Water-table 
(ft.) 
Water on land 
Zero depth 
0-2 
2-4 
4-6 
More than 6 
Water on land 
Zero depth 
0-2 
2-4 
4-6 
More than 6 
surface 
surface 
Acres 
of 
Land 
1200 
3800 
2000 
900 
522 
8422 
1600 
4900 
1300 
300 
322 
8422 
Percentage 
of 
Total 
14.2 
45.2 
23.7 
10.7 
6.2 
100.0 
19.0 
58.2 
15.4 
3.6 
3.8 
100.0 
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It is noted that in October, 1921, the water-table was either on the land 
surface or within 2 feet of it on an area of 5000 acres which is approximately 
60 per cent of the area of the distr ict. I n Apr il, 1922, the area having a 
water-table within a distance of 8 feet or less from the land surface was 
6500 acres, or more than 75 per cent of the district area. 
The engineers for the district rightly concluded that the need for drain-
age cannot r easonably be disputed_ 
The supervisors of this drainage district made rather careful studies of 
the probable costs of drainage and of the benefits that would accrue to all 
lands as a result of drainage. Their r epor t to the Cache County Commis-
sioners gave the f ollowing estimates: 
Probable total 'cost of proposed drains __ ___ ______________ ____ ____ _____ __ $294,000 
Probable damages __ ______ ________ ____ __ _____ __ __ _____ ____ ____ __ ____ ___ ___ __ __ ____ ___ ___ 18,600 
Aggregate benefit s _________ _____ ____ _____ __ ______ _____ ____ ___ _________ __ _________ _______ 840,000 
The lands of District No. 2 were classified by the supervisors and an 
assessment roll was prepared, declaring benefits from the proposed drainage 
ranging from $50 to $150 an acre. Having found that the benefits would 
greatly exceed the costs, the supervisors approved the assessment roll, with 
a view to proceeding with the financial arrangements essential to authoriza-
tion of construction of a drainage system. However, because of the high 
probable cost of constructing the proposed drains ($312,600 for an area of 
8400 acres), many protests were made by landowners against construction 
of the drains. Some of these protests were made by owners of the better 
lands on which benefits were assessed at $150 an acre and on which the 
actual cost of drainage would have greatly exceeded the average cost for 
the system. Despite the need for drainage, as evidenced by the creation 
of the drainage district, the results of its ground-water studies and the 
low productivity or total barrenness of some of the land, actual construc-
tion of drains has not yet been started, although 11 years have elapsed since 
the drainage district was created. 
Some representative owners of land within the district believe that the 
high probable cost has been the major single obstacle thus far preventing 
drainage. The need for drainage seems to be quite generally recognized 
among landowners but the fear that the costs would exceed the benefits 
has led many to wonder if it is not possible to find a less costly method. 
SOURCES OF EXCESS WATER 
Water flows into the artesian basin from the natural streams that come 
from the mountains east of the valley; it also percolates from the irrigated 
lands and the canals east of the basin. Figure 1, based on the contour map, 
Logan Quadrangle, of the United States Geological Survey, shows that 
water is diverted from Logan River into four canals (represented by heavy 
lines with arrows in the direction of water flow). Three can.als convey 
water to lands east of, and one conveys it through, the area overlying the 
artesian groundwater reservoir. The irregular lines on Figure 1 rep-
resent contours, the vertical distance between each two contours being 100 
feet. The approximate boundaries of the lowlying water-logged area of the 
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F~ure 1- Parts of Cache County. Utah. including the low-lying water-logged areas northwest 
of Logan on which the drainage experimental work herein reported was conducted. 
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valley based on the Soil Survey Map of the U. S. Department of Agriculture 
are indicated by the irregular line with crosses in Figure 1. 
As yet no reliable data are available as to how much water flows into 
the artesian basin from natural sources and how much percolation from the 
canals and higher irrigated lands. It seems apparent, however, that ir-
rigation on the higher lands has appreciably increased the annual contribu-
tion of water to the artesian ground-water reservoir and increased the 
watel' pressure in Ithe water-bearing gr'avels under the lower valley lands. 
The probable directions of flow of underground water, first downward 
through the surface soils and fine gravels from the canals and high lands 
and later westward into the coarse gravelly materials that underlie the low 
lands in the valley, are indicated by the arrows in Figure 2 which is a dia-
grammatic sketch of the cross-section of part of the are~J on an east-west 
line through t he town of Hyde Park'. Figure 2 shows also the probable 
position of the water-table in the gravelly soil east of the artesian reservoir 
which gives rise to the piezometric surface above the low-lying landG• 
Field studies indicate that in general water flows through gravels to-
ward the west and southwest. Part of the underground water that flows 
through the gravels is released from pressure upon emerging through sev-
eral natural springs within a long strip of land extending from north to 
south about one-half mile wide and lying one mile or more east of the Sal t 
Lake Meridian (Fig. 1). Some of the measurements reported have shown 
that an additional part of the water flows upward through the compact clay 
underlying a considerable percentage of the water-logged area. The results 
of t hese measurements are presented following a brief statement designed 
to illustrate the conditions under which water may flow upward through a 
soil. 
WATER-FLOW AND STATIC WATER-LEVEL RELATIONS 
Figure 3 (left) illustrates a water reservoir to which a uniform di -
ameter steel pipe is connected. On the right-hand end of the pipe is a 
gate valve which may be tightly closed and thus entirely prevent any flow 
of water through the pipe. The g'ate valve may be partially or fully opened, 
thus permitting any desired size of stream to flow from the reservoir 
through the pipe-line. When the gate is closed tightly the water within the 
pipe is under enough pressure to cause it to rise in the two small-diameter 
vertical pipes, which are connected to the large pipe, to a height equal 
to that of the surface of the water in the reservoir. These small pipes are 
known as piezometer tubes or pipes. The vertical distance from the large 
pipe line to the water surface in the piezometer tube is equal to the "pressure 
head"; the distance of the pipe-line above any horizontal reference plane or 
datum is designated, the "position head". The "pressure head" plus the 
"position head" at any point is the "total head", where, as in this illustra-
tion, the "velocity head'" is so small as to be negligible and therefore is 
ignored. To illustrate how to determine the term "total head", it may be 
"For locat.ion of the profile shown in Figure 2, see the east-west broken line on 
Figure 1. 
".r 'or definition of the term "piezometric surface", see page 11. 
T"Velocity head" is defined as the ratio of the square of the mean velocity to the 
product of two times the acceleration due to gravity. It i~ the "head" due to the velocity 
of a stream and is important in many problems of hydraulics. 
GRADE LINE WHEN GATE IS CLOSED 
HORIZONTAL PLANE" 
~ 
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Figure 3- 1llustrating the fact that in a pipe of uni for m diameter the "head" at any point is equal to the "position head" plus the 
"pressure head". (Velocity head neglected) 
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assumed that the axis of the pipe· is 4500 feet above the sea level and that 
the water pressure in the pipe causes the water to rise in the piezometer 
tube to a level 30 feet above the axis of the pipe. Then, the total head with 
respect to sea level is 4530 feet. 
The total head, i. e., the sum of the position head plus the pressure 
head, is hereinafter designated simply as the "head". It is also designated 
as the elevation of "static water-level", an expression clearly understood 
by well drillers and by many owners of wells. 
A line connecting the water surfaces in several piezometer tubes is 
known as the "hydraulic grade line". The elevation of any point on the 
hydraulic grade line above a horizontal reference plane is a measure of the 
sum of the pressure head plus the position head (Fig. 3). The "head" 
at any point in the pipe line is equal to the elevation of the hydraulic grade 
line vertically above the sea level or any other horizontal plane. And,.9.s 
water always flows from points of higher to points of lower head, the 
hydraulic grade line gets lower and lower in the general direction of water 
flow. This fac~ is illustrated in Figure 3 for the condition of open gate at 
the end of the pipe-line. When the gate valve is partly open so that only 
a small stream flows out of the pipe, the loss of head in the pipe is slight 
and there will be a large pressure head just inside the gate. For extremely 
small gate openings the pressure head in the pipe just above the gate will 
be relatively high; for large gate openings it will be relatively low. 
For illustrative purposes, it may be assumed that all the space below 
the imaginary land surface to the right of the reservoir in Figure 3, except 
that occupied by the steel pipe-line, is filled with compact, relatively im-
pervious clay soil. It may further be assumed that the steel pipe line is 
replaced by a rectangular conduit several miles in ,width (i. e., at right 
angles to the paper) but having the same height as the pipe line. If this 
rectangular channel is filled with coarse gravel the flow of water through 
it from the reservoir will be retarded somewhat more than it would be in the 
pipe, but it will not be obstructed. This imaginary rectangular channel 
filled with gravel, covered with compact clay, and also underlaid with com-
pact clay, typifies the natural condition in Cache Valley. 
Under natural conditions it is impossible to close completely the gate 
valve at the end of the gravel channel. As indicated, some water is always 
being lost through springs and seeps. Therefore, the hydraulic grade line, 
under natural conditions, is never in a horizontal position as is ,the case of 
the steel-pipe line when the gate valve is closed. The hydraulic grade line 
across Cache Valley, over the gravel channel described, always gets lower 
as the distance from the water reservoir on the east increases. The slope 
of this line is approximately equal to the difference in elevation of the 
water surface in two piezometer tubes (measured to a fraction of a foot) 
so placed that the ends of the tubes in the gravel channel are separated a 
distance of one foO't in the direction of water flow. This difference in eleva-
tion divided by the actual distance of flow, is correctly designated as the 
"hydraulic slope". If a large stream of water escapes from the west end of 
the gravel channel easily through springs and crevices or through artificial 
wells, the hydraulic grade line will have a heavy slope (i. e., it will fan 
rapidly); whereas if a small stream of water escapes with difficulty the 
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slope of the hydraulic grade line will be less, but its elevation above any 
horizontal plane (i. e., sea level) will be greater. 
THE PIEZOMETRIC SURFACE 
The piezometric surface is an imaginary surface above the water-
bearing gravels. It may be above, below, or at the same elevation as the 
land surface; likewise, it may be, above, below, or at the same elevation 
as the water-table. Whenever the water in the gravels under the clay soils 
is under pressure, as it always is in artesian basins, the piezometric surface 
must be above the contact surface between the water-bearing gravel and 
the overlying clay. The position of the piezometric surface with respect 
to sea level is determined by the intensity of water pressure in the gravel 
as well as by the elevation of the water-bearing gravel. The hydraulic 
grade line lies in the piezometric surfaces. 
If the clay .soil overlying the gravel of the artesian basin in Cache) 
Valley were completely impervious to water, the only channels of escape 
of water from the gravelly channel underneath the. clay would be through 
natural springs, artesian wells, and pump wells. However, it was early 
suspected that these clay soils might be slightly pervious to water. If so, 
water would flow upward from the gravel to the land surface at every point. 
where the piezometric surface is above the surface of the land. The velocity 
of flow through a given thickness of uniform clay would be greatest where 
the piezometric surface is highes.t above the land. In case water does actu-
ally flow upward the-head (position head plus pressure head) would de-
crease from the water-bearing gravel toward the surface of the land, and 
the piezometric surface would become lower as the points of measuremen t 
approached the land surface. The experimental results presented in the 
following pages show that the head did decrease (or the static water level 
became lower) from the gravel upward; hence, that water flows upward 
from the gravels. Before presenting the plan and the results of the field 
tests for determining if water flows upward through the clay, attention iR 
directed to Figures 4 and 5 which illustrate further the nature of the 
problem. 
Figure 4 represents a 40-foot column of saturated clay soil connected 
at the bottom to a pipe leading to a water reservoir and covered at the 
top with water held in a steel water-tight standpipe through which water 
cannot escape except by evaporation at the same rate as from the reservoir. 
The water in the standpipe above the soil, the water in the soil, and that 
in the reservoir are at (equilibrium, and the piezometric surface is a level 
BReferring again to Figure 3: JImagine that th~ reservoir on the reader's left is several 
miles wide, (i. e., at right angles to the paper on which it is illustrated). Imagine also 
that several hundred steel pipe-lines are built, each in a vertical plane parallel to the plane 
represented by Figure 3. There would be a hydraulic grade line for each pipe-line. If the 
number of pipe-lines is increased greatly the pipes will be closer and closer together ; like-
wise, the hydraulic grade lines will be closer and closer. Finally, the pipe-lines touch each 
other; the distance between hydraulic grade lines at points of the same elevation will then 
be only equal to the diameter of the pipes. Conceive of all these pipes actually merging 
to form one channel of great width as described. Then, connect all the hydraulic grade 
lines and form a surface which at any point represents the height to which water would rise 
in Ia ,small pipe connected to the channel. This imaginary Hurface is the piezometric 
surface. If the soil overlying any artesian ground-water '!reservoir is not completely 
impervious, water will flow upward when the piezometric surface is well above the water-
table. (For definition of "water-table", see pag e 30.) When the piezometric surface is at 
the same elevation as the water-table there will be no upward flow; and when the piezometric 
surface is below the water-table, water will flow downward. 
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plane. Consequently, the water stands at the same eleva li on in all of the 
small pipes, numbered 1 to 8, as it does in the reservoir even though each 
of these pipes is connected to the soil column at a different elevation. The 
total heacf (i. e., t he position head plus the pressure head) is the same for 
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Figure 4- I11ustrating a 40-foot column of saturated soil with a water-tight standpipe fitted 
over it and showing that when the water in the supply reservoir is at rest the water 
is at the same elevation in the reservoir, in the piezometer tubes, and in the stand-
pipe. 
every point at which a small pipe is connected to the large one. However, 
just as soon as the steel standpipe is removed from around the large pipe 
that contains the soil, water will start to flow up through the soil and the 
water surfaces in the small pipes will drop to positions, as shown in Figure 5. 
FIELD TESTS OF DIRECTION OF FLOW 
The conditions illustrated in Figure 5 typify the field experimental 
tests of elevation of piezometric surface made by use of eight half-inch 
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pipes forced into the clay soil to different depths, as illustrated in Figure 6. 
A heavy perforated copper sheeting cone point was soldered to the lower 
end of each half-inch pipe. Holes were bored with a soil auger through the 
surface soil. The small pipes were then placed in the holes and forced Lo 
J---:HYDRAULIC 
1----- V V GRADE LINE f', V~ r"-k 
18 FT. 8 7 6 5 t'4 3 2 
PIEZOMETE R 
TUBES~ 
reo 
r"-
t'--
I"-
~ 
WATER FLOWING VERY SLOWLY 
WATER lOST BY 
EVAPORATION OR 
BY OVER-FLOWING 
RJM OF SOll PIPE 
Figure 5--Further illustrating t h e 40-foot column of saturated soil (Fig_ 4), showing how 
the water surface drops in piezometer tubes 1, 2, 3, 4, 5, 6, and 7, because of the 
loss of head due to friction as the water flow s upward and e capes when the stand-
pipe is removed. 
the desired depth, after which they were thoroughly cleaned. Around the 
outside of the pipe compact clay was carefully tamped to perfect a seal. 
These tests were made on the old "Bell Farm", at a point indicated by 
Circle No.1, Figure 1. Each pipe was extended above the ground surface 
to a height great enough to prevent overflow of the water from the water-
bearing gravels. All of the pipes were left open at the top. The positions 
of the static water-levels were measured by slowly inserting from the top 
a piece of baling wire into each pipe until the water surface was reached. 
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The static water-levels were measured throughout the season of 1926. 
Results are recorded in feet above the leveled ground surface as datum 
and reported in Table 1 (Appendix) and Figure 6. The data show convincingly 
that there is a large loss of head between the 40-foot and the 5-foot levels. The 
loss of head per foot of soil thickness is not uniform. Variations in the 
soil texture and structure, and hence in the water conductivity of the soil, 
are to be expected; these variations would cause some irregularities in the 
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Figure 6--Illustratin .~ method of measuring piezomet ric surface elevations in clay soil at 
different distances above the water-bearing sands and gravel. and showing also the 
average elevations during the sea son of 1926. a s det ermined by 24 measurements , 
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line which connects the static water levels at the different elevations. How-
ever, from the 35-foot level to the 30-foot level there appears to be a slight 
increase in head. The reason for this discrepancy is not clear. It is note-
worthy that the total loss of head between the 40-foot and the 5-foot levels 
amounts to 15.2 feet, which is equal to 0.434-foot loss of head per foot of 
distance that the water moved. 
Although the measurements reported in Figure 6 show definitely that 
water does flow upward from the gravels through the clay soil and thus 
contribute toward maintaining the water-table near the soil surface, they 
do not show the quantity of water delivered per acre to the land surface 
in any given time. The quantity of water that will flow through a unit 
area (say, 1 square foot) of a soil under a given hydraulic slope in an hour 
or a day depends on the size of soil particles, their arrangement, the~r 
compactness, and on other factors. Estimates based on preliminary meas-
urements of water conductivity of this clay soil indicate that water 
equivalent in amount to a stream of 200 to 250 gallons per minute per 
section of land (640 acres) may flow upward from the water-bearing 
gravels. 
Similar measurements of static water levels at different depths in the 
soil were made at four additional points, as indicated by Circles Nos. 2, 3, 4, 
and 5, respectively, Figure 1. It is not essential to report the details of 
these measurements because of their similarity to those above given. In 
every case there was loss in head from the gravel toward the soil surface 
although the total head in the gravel and the hydraulic slope at points 3 
and 5 were less than at other points. 
DIRECT SOURCES OF INFLOWING WATER 
It is imp0I'ltant to note that on those areas of land overlying the water-
bearing gravels, farms having soil in which the static water-level decreases 
from the water-bearing gravels toward the land surface may get excess 
water into the surface soil from one or more of four sources: 
(1) Upward flow from water-bearing gravel. 
(2) Rainfall and snowfall. 
(3) Use of water in irrigation. 
( 4) Surface runoff from higher land. 
It is sometimes urged ,that the farmer need not irrigate his low land, 
but undoubtedly there are times when the water from the three sources, 
other than irrigation, is insufficient to meet the needs of his crops. The 
more serious climatic conditions, which bring the water-table up to or near 
t.he land surface occur during the two rainy periods of spring and fall. 
At such times, evaporation from the land surface is greatly reduced. The 
upward water-flow from the artesian gravels continues; this, together with 
the water added from the rains, fully saturates the surface soil on which 
and with which the farmer must work. This makes farm operations during 
the early spring impractical, if not impossible; thus the length of the crop 
growing season is shortened. It also seriously affects the soil structures 01' 
tilth. Moreover, the high-water table causes an increase in the loss by 
evaporation following the rains, thus permitting an increase in the upward 
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F igure 7- Tllustrating the fact that surface soil overlying an artesian g round-water reservoir receives: (1) The water that flows upward, (2) 
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MAP Of PARTS Of CACHE: 
COUNTY DRAINAGE DISTRICT 
NUMBER TWO 
EXPLANATION: 
o PEIZOMETER TUBES, 
ONE:-HALf INCH DIAMETE:R • 
o fLOWING WELLS, 2 -INCH 
TO !I-INCH DIAMETERS. 
@ fLOWING WELLS USED AS 
PEIZOMETE:R TUBES. 
o LARGE:-DIAMETER PUMP 
WELLS. 
~ WATER -TABLE OBSERVATION 
HOLES • 
F ig u r e 8- Map of parts of Cache County Drainage District No.2 sh owing the locations of piezometer tubes, flowin g wells, lar ge-diameter 
pump wells, a n d water-table observatiun b oles. 
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water movement and the deposition of alkali salts on the soil surface. Fur-
thermore, the upward wa.ter flow from the artesian gravels prevents de-
sirable downward percolation of water, thus preventing the leaching away 
of harmful alkalies. 
From the point of view of reestablishing and maintaining· soil produc-
tivity, thus making possible large and profitable crop yields, it is desirable 
to lower the static level of the water in the gravels and· thus reduce, if not 
eliminate, the upward flow of water through the compact clay soils. 
The experimental work reported was conducted in part with a view 
to finding ways of preventing flow of excess water from source (1) by re-
ducing or eliminating the upward water flow from the water-bearing gravels . 
As yet no attention has been given to ways of reducing sources (3) and (4) 
as factors of water inflow. More moderate use of irrigation water on the 
low-lying lands and prevention of surface runoff from higher lands would 
probably improve conditions; these elements of the problem, however, ar e 
not included in this report. 
DRAINAGE METHODS 
Two general methods of draining irrigated lands are: (1) The intercept 
method and (2) the relief method. In many cases the water that contributes 
most to the water-logging of irrigated land can be intercep ted at its source 
or along the path it follows toward the land; it can then be diverted to other 
channels and thus kept away from the land which is being injured. For ex-
ample, if t he major source of water that causes the need for drainage is 
seepage from a canal, th~ wat~r may be kept away from the wet land by 
lining the canal with concrete and thus intercepting the water that causes 
the trouble before it gets in tol the soil. 
Where the conditions are such that an excessive amount of water un-
avoidably gets into the soil at frequent p eriods, it is essential to provide a 
means of draining it out, or in other words, of relieving the soil of the 
excess water that comes into it. For example, if the water that falls on 
the land as rain or snow adds an excessive amount of water to the soil and 
causes the water-table to rise, the condition must be relieved by actual 
drainage: rain and snow cannot be intercepted. Sandy soils permit excess 
water to drain out readily, whereas in compact clay soils the excess water 
moves out slowly. As a rule, therefore, it is good practice in irrigated 
regions to intercept water to prevent an excessive amount from flowing 
into clay soils . In the case of a clay soil overlying an artesian ground 
water reservoir, this can be accomplished by reducing sufficiently the 
pressure head of the water in the reservoir. 
EXPERIMENTAL WORK EXTENDED 
After completing the preliminary field studies in which it was found 
that water flows upward from the water-bearing gravels through the com-
pact clay soils to the land surface, .the field experimental work was sub-
stantially enlarged. It has consisted in part of endeavoring to ascertain the 
effect, on the piezome tric surface and on the depth of water-table, of re-
leasing water from the artesian ground-water reservoir by drilling small-
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DRAINAGE OF LAND 19 
diameter wells and permitting the water to flow freely from them and by 
pumping water from a 14-inch diameter well. Certain technical studies were 
also conducted, the results of which are not included in this bulletin. 
Efforts were made to learn the effects of the flowing wells and of the 
pump well by noting their influence on the following: 
(1) Elevation of the piezometric surface at many points through-
out the area. 
(2) Discharge of surface drains in lands lying east of the water-
logged area. 
(3) Depths of water-table at representative points. 
The observed effects on these three factors are reported, following a brief 
description of the area studied and of the flowing wells and the pump well. 
These studies were conducted largely in the eastern part of Cache 
County Drainage District No.2. A map of a part of the area of the district 
is presented in Figure 8. Artesian wells and piezometer tubes of various 
diameters are indicated by circles. Shallow borings for indicating water-
table depths are shown by triangles. There are 32 artesian wells in the 
area having diameters ranging from 2 to 14 inches and also 51 piezometer 
tubes of half-inch diameter. A few of these wells were drilled by landown-
ers before the experimental work was begun. The numbers of wells of 
various diameters which were used for the experimental work, together with 
the major purpose served by each well, are given in Table 2. 
The half-inch pipes for the pressure-head measurements (i. e., the piezo-
meters) were installed by hand as described under the heading "Field Tests 
of Direction of Flow". After getting a half-inch pipe to the desired depth, 
the intruding silt and clay, if any, was; cleaned out with a %-inch drill by 
means of which, in some cases, a hole was bored several feet below the lower 
end of the half-inch pipe in order to insure satisfactory contact with the 
water-bearing gravel 40 to 50 feet below the land surface. Those wells 
ranging from 2 to 5 inches in diameter were drilled by a local well driller 
and lined with standard black water pipe; the 12- and 14-inch wells were 
drilled by contractors using large well-boring rigs; these were lined with 
California stovepipe casing. 
The 12-inch well located in the southwest quarter of Section 16 on 
the Fred Duce Tract adjoining the State Highway. For identification pur-
pump was driven by a rented gas engine; because of budget limitations, the 
pumping was not continued long enough to develop the well adequately. The 
maximum discharge was slightly less than 200 gallons per minute. Details 
of the influence on the piezometric surface of pumping from the 1927 12-inch 
well are not essential to the purposes of this report and, therefore, are not 
included. 
FLOWING WELLS AND LARGE PUMP WELL 
During the summer of 1929, 25 wells ranging in diameter from 2 to 5 
inches were drilled into the first or upper water-bearing gravel stratumD• 
Twelve of these wells were located on the Bell Tract and 11 were drilled 
9Several w ells have been drilled int o a secon d or deeper water-bearing g ravel underlying 
a second stratum of clay. The second g ravel str atum seems t o be independent of the first 
and to have water pressure of sufficient intensity t o provide flowing wells in lieu of those 
now drilled into t he first g ravel stratum. 
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along the east and north side of the Logan-Benson Canal near the Bell 
Tract. In June, 1930, a 14-inch well was drilled on the southeast corner of 
the Fred Duce Tract adjoining the State Highway. For identification pur-
poses, a number was assigned to each of these wells; the approximate dates 
of drilling', diameters, and locations are presented in Table 3. Water flowed 
freely from each of the 25 small-diameter wells; in the 14-inch well it rose 
to a point about 2 feet below the land surface. Of the 25 flowing wells, 
three are 2-inch, three are 3-inch; fifteen are 4-inch, and four are 5-inch 
diameter wells. 
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Figure to-Piezometric surface at Tube Ao during seasons of 1929 and t931-
The 30 wells listed in Table 2, ranging in diameter from 2 to 5 inche::, 
include the 25 wells above described as well as four 2-inch wells and one 
3-inch well drilled by land owners for p ersonal use. These five privately-
owned wells were used also for measuring pressure heads. 
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Dl'illing of the flowing wells was begun early in June and completed 
in September, 1929. The eleven wells on the 'Logan-Benson Canal, Nos. 13 
to 23, inclusive, were drilled during the late July and early August. On 
September 7, 1929, all of the flowing wells were opened, after which they 
were kept op~n continuously until July 25, 1930, thus permitting uninter-
rupted flow for a period of 321 days. Table 4 presents a record of opening 
and closing of the wells, together with a record of the time of operation of 
the pump in the large well. 
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INFLUENCE OF FLOWING WE LLS AND PUMPING ON THE 
PIEZOMETRIC SURF ACE 
~ ', ' , 
Remembering that the excess soil water and the high water-table in 
the tract under consideration r esult, in par t , fro m the upward flow of water 
through the clay soils, it is important to note the influence of the wells 
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on the position of the piezometric surface. Whenever the piezometric sur-
face is lowered to a position below the water-table, the water in the saturated 
soil will begin to move downward, although the movement in heavy clay 
soil, like that of the lower lands of Cache Valley, may be so slow as to be 
almost imperceptible so far as the immediate influence on the water-table 
is concerned. 
A total of 773 static water-level measurements was made in order to 
study the fluctuation of the piezometric surface over the artesian ground-
water reservoir. 
A study of changes in elevation of the piezometric surface as influenced 
by the wells is essential to a solution of the drainage problem; lowering of 
this surface, however, does not necessarily assure satisfactory drainage. 
The vital questions as to the adequacy of any method of drainage may be 
stated, as follows: 
(1) Does it lower the water-table quickly enough and far enough to 
provide satisfactory drainage? 
(2) Does it keep the water-table low enough at all times? 
In addition 'to a study of 'changes in the elevation of the piezometric 
surface as influenced by the wells, observations were made on the discharge 
of drains in the higher lands east of the drainage-district area as well as 
of the water-table depths both within and without the boundaries of the 
district. 
Marked reductions in pressure head and lowernig' of the piezometric 
surface resulted at some points from drilling the small-diameter wells. 
Further lowering of the piezometric surface occurred when the pump in the 
large well was operated. This lowering was noteworthy not only at the 
several piezometer wells but also at a large deep-seated spring on the 
Thurston Farm located approximately 100 feet west of well Bt-5" (See 
Fig. 8). The lowering of the piezometric surface at the Thurston spring was 
great enough to cause the flow of water from the spring to discontinue com-
pletely during the operation of the pump in the large well. 
The elevations of the piezometric surface at the piezometric wells are 
reported in the appendix. Tables 5 ito 15, inclusive1o, give records of the 
elevation at different times in the years 1929, 1930, and 1931, of the piezo-
metric surface at 58 points throughout the water-logged area. All elevations 
are with reference to sea level as datum and all range between 4400 and 4500 
feet. To avoid unnecessary repetition, the "44" is omitted. An elevation 
of 4450.2 feet, for example, is recorded as 50.2. For convenience in making 
comparisons, the land-surface elevations are given in each table. Table 
5 shows, for example, that the land surface elevation at tube A2 is 4461.5 
feet, and that on June 25, 1929, the piezometric surface elevation was 
l°These tables g ive detailed information concerning static water level, or piezometric 
surface, elevations in several series of tube: the A', A, B, C, D, and E series. As indicated 
in Figure 8, the A' tubes are located near the west boundary of the area studied; the A 
tubes are located n ear, and approximately parallel to, the Oreg on Short Line Railroad; 
the B tubes are located at conveniently accessible points between tne Oregon Short Line 
Railroad and the State Highway; the C tubes, near the State Highway; the D tubes., 
east of the Highway; and the ill tubes, near the Utah-Idaho Central (U. I. C.) Railroad. 
The series number and the subscript numbers in each. series were selected with a view to 
convenience, in making records and ease of identification. The subscript numbers increase 
from the south to the north boundary of the area. The "one-half" numbers such as Ba'5 and 
B5•5 etc. were g iven to tubes placed at points where additional measurements of piezometric 
surface -elevations appeared necessary as the work progressed. There are no significant 
uniform relations of "distances" or "elevations" between either the several series numbers of 
tubes or the subscript number s . Convenience of accessibility was considered in part in 
locating the tubes. 
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4467.5 feet, or 6 feet higher than the land ,surface. Table 5 shows also 
that on June 25, 1929, the piezometric surface at tube A1 was at elevation 
4466.9 feet, which is 21.2 feet higher than the land surface at this point. 
This excessive height of piezometric surface over the land surface doubt-
less caused an appreciable flow of water upward from the water-bearing 
gravels. It is also shown in Table 5 that at each of the five points of 
measurement land during every month for five months the piezometric 
wrface was higher than the land surface, although during November the 
differences in elevation of the two surfaces were relatively insignificant. 
The average piezometric surface elevations recorded at the bottom 
of each of Tables 5 to 15, 'give a general idea of the relative positions of 
the land surface and of the piezometric surface at the points of measure-
ment. Table 5, for example, shows that at piezometric tube A I the average 
piezometric surface elevation of 4463 feet, was 17.7 feet above the land 
surface, during the months of June to November, 1929. Whenever the 
average elevation of the piezometric surface was lower than the elevation 
of the land surface, a minus sign is written before the figure in the las t 
line of each table, which gives the difference in elevation of the two sur-
faces. The - 0.6 in the column for B2 of Table 6 shows that the average 
elevation of the piezometric surface was 0.6 foot below that of the land 
surface. 
Table 6 shows also that on August 1, 1929, the piezometric surface 
was 20 feet above the land surface at tube Bu. It shows further that. 
throughout the summer and fall seasons of 1929, the piezometric surface 
was well above the land surface at all the "B" tubes except at B2 where 
it was below the land surface on and after September 25. 
Tables 6 and 13 show an interesting uniformity in the lowering of 
the piezometric surface at tubes B2, Ba, B " and B:;, from 1929 to 1931 this 
lowering amounting to 8.9, 9.2, 9.7, and 8.5 feet, respectively. 
Comparing the average elevations of piezometric surface at tube C~ , 
ag given in Tables 7 and 14, shows a lowering from 5.1 feet above land 
surface in 1929 to 11.4 feet below land surface in 1931, a difference of 16.5 
fee t. 
Similar additional comparisons of the data in Tables 5 to 20, inclusive, 
may be made. It is important to note, however, that the averages in the 
t ables may be somewhat misleading unless discretion is used in their 
interpretation. These averages give approximations only. The influence 
of the length of t ime at which the piezometric surface was at a given 
elevation is not considered in the averages reported h erein. 
To illust rate the influence of t ime on the true average elevation of 
the piezometric surface during a 100-day period, assume that the surface 
elevation was 4500 feet for 90 days and 4480 feet for 10 days. Neglecting t he 
t ime element, the average elevation would appear to be 4490 feet , whereas t he 
true average elevation, including the time element, would be 4498 feet. 
More complet e and correct comparisons of the elevations of the piezo-
metric surface and the land surface during different years are easily made 
by bringing the data of Tables 5 to 15, inclusive, together on appropriate 
charts. Some of these data are compared in Figures 9 to 14, inclusive, which 
ghow changes in the elevation of the piezometric surface for the years 1929 
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to 1931, inclusive, at various points where piezometric tubes were located. 
Pressure-head measurements were made also in a few of the flowing wells . 
In comparing the time curves of Figures 9 to 14, inclusive, it is im-
portant to keep in 'mind the fact that the extremely light precipitation of 
1931 is in part the cause of the lowering of the piezometric surface during 
the year. At this time it is merely conjecture to attempt to say what part 
of the lowering of the piezometric surface was due to the flow from the ar-
tesian wells and pumping and what part to the dryness of the season. 
Further measurements of heads during a wet year are essential to a more 
definite answer to the question. 
LAND-SURFACE ELEVATIONS 
The elevation of the land surface at each of the piezometer tubes, u sing 
sea level as datum, is recorded in each figure to facilitate comparisons at 
different times with . the elevation of the piezometric surface. 
It will be noted, for example, in Figure 9 that early in August, 192G, 
before the canal wells were drilled, the pressure in the water-bearing 
gravel at well A3 was intense enough to make the water rise to elevation 
4473 feet, sea level datum, i. e., to make the piezometric surface approxi-
mately 5 feet above the land surface; by late November it was 1.4 feet above 
flowing wells were open, the piezometric surface was lowered to approxi-
mately 5 feet above the land surface; by late November it was 1.4 feet above 
the land surface. 
WATER-TABLE AND PIEZOMETRIC SURFACE ELEVATIONS 
If, for the purpose of illustration, it is assumed that the water-table 
had remained at an elevation 3 feet below the land surface, then the lower-
ing of the piezometric surface of from 19 feet down to 6 feet above the 
land surface would have reduced the upward vertical flow from the water-
bearing gravel to approximately 41 per cent of its original value; lowering 
to 1.4 feet above the ground surface would reduce the upward flow to 20 
per cent, or one-fifth of the original value. The lowering of the piezometric 
surface during 1931 to a point almost 3 feet below the land surface prob-
ably decreased the upward water flow to a negligible amount. 
CHANGES IN PIEZOMETRIC SURFACE AT SOME WELLS 
Examination of Figure 10 shows that the lowest elevation of piezometric 
surface in 1929 at well Ao, following the high elevations of August and early 
September, was 4463.5 feet, which is 13.7 feet above the ground surface. 
During the summer of 1931 the minimum elevation was 4459 feet, or a little 
more than 9 feet above ground surface. Thus, after two years, during 
which the flowing wells were open most of the time and during which there 
were approximately 6000 acre-feet of water taken out of the artesian 
ground-water reservoir, the piezometric surface at well An was still high 
enough to cause an appreciable upward flow-probably more than one-half 
the maximum upward flow of 1929. 
Figure 11 shows a marked decline in pressure head during August, 1929, 
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at well B7, situated 10,260 feet from well No. 18, which is approximately 
the central one of the canal wells, Nos. 13 to 23, inclusive. . 
Figure 12 shows the changes in head at the 5-inch Stephen Thurston 
well (designated Bt-5") and at the 2-inch John T. Quayle well (designated 
Dq-2"). The Thurston and Quayle wells are situated 1620 feet and 1480 
feet, respectively, from the 1930 14-inch ' well. As shown in Figure 12, 
pumping from the 1930 well caused marked lowering of the piezometric 
surface at both the Thurston and, the Quayle wells. 
In some cases the measurements of head were not made frequently 
enough to make the record complete. To illustrate, the lower curve for 
Figure 12, representing head changes in the Thurston well, shows a gradual 
decrease in head between June 5 and July 8, whereas the upper curve, rep-
resenting head changes in the Quayle well, shows an increase in head be-
tween June 5 and June 25. More frequent measurements in June would 
probably have shown an increase in head in both wells between June 5 and 
July 7, before the large pump was started. The probable. correct curve for 
the dates for the Thurston well is shown by the dotted line. Had there 
been a reading of head on the Thurston well on August 1 it would probably 
have shown a head of 4454.5 feet, approximately the same as on July 25, 
rather than 4461.5, as indicated by the line connecting the measurements 
of July 25 and August 3. Between August 31, 1931, when the pump opera-
tion was discontinued for the season, .and September 3 the piezometric 
surface at the Thurston well rose 16 feet, or from a point approximately 
10 feet below the land surface to a point nearly 6! feet above it. With the 
piezometric surface 10 feet below the land surface, as while pumping, 
there is no danger to the land from water flowing upward; however, when 
the piezometric surface is 6 feet above the land surface the water-table may 
be kept high enough, as a result of upward flow, to cause serious injury to the 
soil from excess water and alkali accumulation. 
The upper curves of Figure 12 for the Quayle well are somewhat similar 
to those for the Thurston well. However, it is noteworthy that the rise in 
t he piezometric surface in the Quayle well early in September, 1931, after the 
pump was closed down, was much less than in the Thurston well, although 
the elevation of the surface was approximately 17 feet greater at the 
Quayle well. The h ead increase was not enough to cause flow from the 
well; moreover, it was probably not enough to cause a large amount of 
upward flow from the water-bearing gravels. 
Changes in elevation of the piezometric surface at the 2-inch Reeder 
well, designated Cr-2", and at well C7 are shown in Figure 13. These wells 
are situated at points 840 and 10,370 feet, respectively, from the 1930 well. 
. The figure shows that pumping, both in 1930 and 1931, greatly lowered 
the piezometric surface at the Reeder well. During September, 1930, while 
the pump was not operating, the piezometric surface at the 2-inch Reeder 
well was approximately 1 foot above the land surface. After the 1931 
pumping period it rose to the same level. During the 1931 pump-
ing period the piezometric surface was fully 15 feet below the land 
surface. It is apparent that operation of the pump in the large well gives 
ample protection against the upward flow of water in the soil adjacent 
to the 2-inch Reeder well. 
Figure 13 shows also a significant lowering of piezometric surface at 
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well C. between 1929 and 1931. The lowering from August, 1929, to August, 
1931, was approximately 13 feet. It is probable that part of this loss in 
head is duel to the fact that a large volume of water was taken out of the 
artesian ground-water reservoir by the wells drilled in 1929 and by the 
pump installed in 1 930. Part of the loss also is due to drought in 1931 and 
the consequent decrease in the amount of water percolating into the reser -
voir from irrigated lands and from other sources. With the information 
now at hand, one cannot say positively which of the two causes contributed 
most to the reduction noted. It seems significant, however, that the r e-
duction in head which resulted both from taking water out of the artesian 
reservoir and from the unusually dry season was not great enough to pro-
tect the land adjacent to !well C7 from an upward flow of water through 
the clay soil. In August, 1931, the piezometric surface was nearly 9 feet 
above the ground surface. Because of the great distance of well C7 from 
the large pump and from the flowing wells, it was not expected that the 
experimental work would lower the piezometric surface appreciably at this 
point. 
Changes in piezometric surface elevations at the 4-inch Reeder well 
and at the half-inch well D I are shown in Figure 14. At the 4-inch Reedm· 
well (designated well Cr-4" ), the influence of operating the pump is dis-
tinctly noticeable, the distance of the piezometric surface below the land 
surface during pumping being approximately 9 feet. After the pump was 
stopped in October, 1930, and also in September, 1931, the elevation in-
creased to a point fully 6 feet above the land surface, showing a total 
change of approximately 13 feet in 1930 and 15 feet in 1931. The position 
of the piezometric surface following the close of pumping is too high. 
It would probably cause an appreciable upward flow of water from t he 
water-bearing gravels, through the clay soils. 
The data ;presented in Figures 9 to 14, inclusive, together with the 
tables of the appendix and the foregoing analyses of the observations, 
seem to warrant the conclusions with respect to the piezometric surfac(! 
which are stated on page 35. (See Nos. 4, 5, and 6.) 
DISCHARGE OF DRAINS IN HIGHER LANDS ADJACENT TO 
WATER-LOGGED AREA 
More than 20 years ago owners of lands northeast of the lands over -
lying the artesian ground-water reservoir (and at a slightly higher eleva-
tion) drained their lands by means of tile drains. The water discharged 
from these drains has been commingled with the water in their irrigation 
ditches and used for irrigating lower lands. These landowners fear that the 
discharge of their drains will be appreciably reduced, if not entirely pre-
vented, as a result ot permitting water to flow from the artesian reservoir 
and as a result of pumping. They feel also that a reduction of the di s-
charge of their drains would constitute an infringement upon their water-
rights. 
The conditions jus't described made it advisable to seek information as 
to the influence of pumping and as to the operation of the flowing wells on 
the discharge of drains. Consequently, tw090-degree triangular notch 
weirs were installed: One at the outlet of the two parallel lines of' tile 
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drains on the Lamb Tract, about 20 feet east of a Utah-Idaho Central 
Railroad Company culvert (at a point marked "Weir No.1", Figure 8) 
and the other at the drain outlet on the east-west ditch north of Hurren 
Tract (marked "Weir No. 2", Figure 8). 
Table 16 shows that between the dates of June 4 and June 30, 1931, the 
discharge of the parallel drains on the Lamb Tract ranged from 8.23 to 
65.25 gallons per minute. The extremely high discharge of June 30 followed 
the irrigation of adjacent land. 
As the season advanced, the discharge of the drains decreased; three 
days after the pump was started, on July 10, the drains no longer yielded 
any water. These drains remained dry throughout September after th e 
season's operation of the pumping plant was discontinued. It is probable 
that the general Jowering of the water-table, due to the unusually dry 
season and the water shortage in the canals, was largely the cause of the 
drying of these drains . 
Discharges of the Hurren Drain from, June 5 to October 1 are report.ed 
in Table 17 and in ,Figure 15. Between June 5 and August 31, when the 
drain stopped discharging water, 53 mea~urements were made. Frequent 
observations early in September, folloj~ng the closing of the season 's 
pumping operations and also the temp or ry closing of the flowing wells, 
indicated that the drains remained dry egardless of whether or not the 
pump and wells were operating. 
Moreover, a careful examination of Figure 15 shows that every increase 
in discharge from the drain came shortly after the irrigation of land near 
th~ drain, i. e., on the.,land lying eaS't of the drain up to the Hyde Park 
Canal. During the last three days in July, the 0.86-inch rain, together wit h 
the cloudy weather and consequent reduction of evaporation and transpira-
tion water losses from the land, probably contributed to the increase in 
discharge from the drain. 
The fact that there was no recovery of discharge of the Hurren Drain 
following the closing of the pump and later of the flowing wells seems t o 
indicate that the general lowering of the water-table was largely the cause 
of the reduced discharge of the drain in July and the final drying of the 
drain about the first of September. However, observations only during an 
extremely dry year are not enough to establish conclusively the influence 
of flowing wells and pumping from the artesian reservoir on the discharge of 
drains in adjacent higher lands. 
Even though the 1931 observations do not show that the pumping and 
the flow from the artesian wells definitely decreased the discharge of drajn~ 
in the higher adjacent land, it does not follow that extensive pumping or 
continuous flow from many artesian wells during years of average precipita-
tion would not decrease the discharge from such drains. 
INFLUENCE ON THE WATER-TABLE OF FLOWING WELLS AND 
OF PUMPING 
The upper zone of farm soils that are well drained contains both water 
and air. It is known as the "zone of aeration". Below the zone of aeration 
the soil or other permeable material is completely saturated with water. 
This saturated zone of the earth's surface is known as the "zone of satura-
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tion"; the upper surface of the zone of saturation is called the ~'water­
table". Ordinary farm crops obtain trnost, if not all, of their food and 
water from the zone of soil overlying 'the water-table, i. e., from the zone 
of aeration. The depth of soil in which plant roots may live and feed is, 
therefore, dependent on the depth of the water-table. These investigations 
represent a total of 1640 measurements on the depth of the water-table. 
WHERE WATER-TABLE DEPTHS WERE MEASURED 
As a rule, field conditions which develop and maintain a shallow 
water-table in farm soils are unsatisfactory and uneconomical, whereas 
conditions that ~aintain the water-table at depths of 6 feet or more below 
the land surface favor satisfactory and economical soil management. A 
fluctuating water-table which rises quite beyond the control of the land-
owner is even more dangerous than one which remains constantly at a com-
paratively shallow depth. 
4450 
4440 
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Figure 14- Piezom etric su rfa ces a t Tube D4 durin g season of 1930 a n d at R eeder 4-inch well 
(CR-/ ') during 1930 and 1931. 
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In the Cache County drainage studies water-table depths were measured 
in three places: 
(a) On a line nearly parallel to and west of the large open drain that 
runs in a north-south direction along the Oregon Short Line Rail-
road, where the water-table holes are numbered Xl, X2, X3, etc. 
(b) At random points on the Bell Tract, where the holes are numbered 
RI, R2, R3, etc. 
(c) At random points in the vicinity of the 1930 well and pump both 
east and west of the State Highway, where the holes are numbered 
WI, W2, W3, etc. 
Records of water-table depths during the later months of the summer 
of 1930 and during the summer of 1931 are presented in Tables 18 to 23, 
inclusive. 
WATER-TABLE DEPTHS NEAR THE OREGON SHORT LINE 
RAILROAD 
Table 18 reports three 1929 measurements on the "X" line of holes 
near the open drain and the Oregon Short Line Railroad as well as many 
similar measurements made during 1930. The four holes added in 1930, 
Nos. Xo, to X12, inclusive, were bored on a northeast-southwest line, making 
an angle of approximately 45 degrees with the north-south line of the open 
drain and also with the east-west line west of the right-angle bend. The 
1931 measurements of water-table depths, reported in Table 19, were made 
in all twelve holes, although, as indicated, only a few measurements were 
made in holes XlO and Xn. 
Table 18 shows that the mean depth of water-table ,along the X line 
of wells was greater during August and September, 1930, than during July 
and August, 1929. ' The average mean depth in holes Xl to X during 1930 
(excluding hole Xc) was 35.3 inches, nearly twice the average mean depth 
of 1929 which was 19.5 inches. 
Comparison of Tables 18 and 19 shows that the 1931 water-table depths 
in holes X2 and X'l increased greatly over those of 1930 and that the average 
mean depth of all of the "X" holes was nearly 10 inches greater in 1931 than 
in 1930. During 1931 the average mean depth of water-table in holes Xl to 
X was 45.1 inches, as compared with 19.5 inches in 1929 and 35.3 inches in 
1930. 
In considering the water-table depths in the X-line of ,holes it is im-
portant to keep lin mind the fact that the large open parallel drain was 
constructed during ,July, 1 929, and also that the flowing wells along the 
Logan-Benson Canal which were drilled in August, 1929, were permitted 
to flow most of the time during the remainder of the summer and all the 
time during the following winter. 
WATER-TABLE DEPTHS ON THE BELL TRACT 
Among other things, Table 20 shows that during 1930 the maximum 
depth of water-table on the Bell Tract, as based on measurements in nine 
holes ranged from 22 inches in hole R7 to 32 inches in hole R . The 
average of the maximum depths is 27.4 inches and the average of the mini-
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mum depths is ] 4.6 inches. The average depth of water on the Bell Tract 
during 1930 was 23.7 inches. 
The average mean depth of water-table on the Bell Tract during 1931 
was nearly 37.6 inches, an increase from 1930 of 13.9 inches, or nearly 60 
per cent. The water-table depth on the Ben Tract during 1930 ranged 
from a minimum of 10 inches in hole R~ and 11 inches in holes R3, R~ , and R7, 
to a maximum of 32 inches in hole Rs. Even during 1931 the water-table 
depths i~ some of the holes were probably too shallow for the most satisfac-
tory crop growth. 
WATER-TABLE DEPTHS IN THE VICINITY OF THE 1930 'VELL 
AND PUMP 
Tables 22 and 23 report water-table depths, as measured during 1930 
and 1931, in the vicinity of the 1930 well. Measurements were made in 
twenty holes during 1930 and in twenty-two holes during 1931. The average 
of the mean water-table depths in the twenty holes during 1930 was 22.7 
inches as compared to 30.7 inches during 1931; the mean lowering of water-
table, therefore, was 8 inches. 
In holes Wl to Wl , inclusive, measurements of depth of water-table 
were made during both 1930 and 1931. The water-table was lower in 
eleven of these eighteen holes in 1931 than in 1930; in six of them it was at 
a shallower depth, and in one hole the mean depth was the same in 1931 
as it was in 1930. 
Fourteen of the twenty-two holes are located east of the State High-
way. Six of these, W1, W2, Wa, W'J, W 21, W2,J, are south of an east-west line 
through the 1930 well. The eight water-table holes east of the high-
way and north of the east-west line through the well are: Wil, WI2, W lS, 
WIG, Wl., WIS, W ":!, and W 2:J. Of the eight holes west of the highway, six, 
,V" Ws, 'Vu, WIO, WlD, and W C'O, are north of the east-west line through the 
well. Holes W" and WO are west of the highway and almost due south of 
the 1930 well. 
Of the eighteen holes in which water-table depths were measured in 
1930 and 1931 ~ all of the holes east of the highway and south of the east-
west line through the large well, showed appreciable lowering of the water-
cable. In the area east of the highway and north of the east-west line, 
three holes, W II ,WJ:!, and Wl , showed a lowering from 1930 to 1931; two, 
WIC. and WIll, indicated a shallower water-table and one indicated no change. 
Three of the four comparable holes west of the highway and north of the east-
west line indicated a shallower water-table in 1931. The two holes due 
south of the large well showed a marked lowering of water-table between 
] 930 and 1931. 
It is noteworthy that the average of the mean depths of water during 
1931 at twenty-two points in the vicinity of the 1930 well is only 30.7 
inches, or approximately 2.5 feet. The maximum mean seasonal depth as 
\;<;ell as the maximum depth at anyone time occurred in holes W 2:! a'nd 
W23, which are situated farthest from the well. These two holes are 3520 
and 3210 feet, respectively, from the large well and, therefore, are least 
likely to be influenced by its operation. Excluding these distant holes, the 
twenty holes in which water-table depth measurements were made during 
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1931 give an average of the mean seasonal depths of only 28.5 inches. All 
of the twenty holes are within a circle having a radius of 2000 feet with the 
large well as center; seventeen of the twenty are within a circle of 1500-feet 
radius. 
Subject to modification after ;further research, during the wet year 
of 1932, the water-table observations completed thus far seem to warrant 
the tentative conclusions stated in paragraphs 8 to 12, inclusive, of the 
summary and conclusions. 
More complete discussion of the problem of drainage of land over-
lying an artesian ground water reservoir and final conclusions will probably 
be presented in a future bulletin reporting the piezometric surface eleva-
tions, water-table depths, and drain discharges for the summer of 1932. 
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SUMMARY AND CONCLUSIONS 
(1) Field measurements of direction of flow of water in soils show that 
water flows upward through the compact soils overlying the artesian 
ground-water reservoir. 
(2) A total .of 773 static water-level measurements were made at more 
than 50 !points throughout the area. 
(3) Two large wells were drilled to facilitate pumping water from the 
water-bearing gravels; 25 flowing wells, ranging from 2 to 5 inches 
in diameter, were also drilled. 
(4) The piezometric surface was appreciably lowered by the flowing 
of water from the artesian wells. 
(5) Pumping caused a marked lowering of the piezometric surface at a 
distance of 1500 f eet from the pump; an appreciable lowering at a 
distance of 3000 feet; and no lowering at a distance of 10,000 feet. 
(6) It is physically feasible to pump water out of the gravel in Jarg.e 
enough streams (and also large enough in total volume) to prevent 
the flow of water upward, and further to permit the flow of exces 
irrigation water and natural precipitation downward through the 
upper feet of soil as fast as the low permeability of the soil will let it 
flow. 
(7) Measurement of discharge of water from tile drains in lands east of 
the artesian area did not show any relationship to the pumping of 
water from the artesian ground-water reservoir. 
(8) Definite conclusions from water-table measurements cannot be made 
as yet because of the complicating factors due to the extremely dry 
season of 1931. 
(9) The excessively dry year of 1931, which resulted in a decrease of the 
supply of irrigation water for all of the canals in and adjacent! to 
the water-logged area, and thereby reduced the quantity of wat er 
applied to the :higher lands, in all probability contributed to the lowel'-
ing of the wat~r-table in the low-lying lands. 
(10) It is impossible to determine satisfactorily with available data what 
part of the water-table lowering was caused by the flowing wells 
and pumping operations and what part was caused by the marked 
reduction in stream flow and irrigation water-supplies. 
(11) The lowering of water-table depths east of the Logan Airport Tract 
was probably influenced also by the fact that irrigation of the airpor t 
lands was discontinued during .1929 and that during the same year a 
large open drain was constructed east of the tract. 
(12) The water-table during 1930 on the Bell Tract and in the vicinity of 
the large well was too high to permit satisfactory drainage and crop 
production. During the extremely dry y ear of 1931 the water-table 
depths were probably too shallow for the most satisfactory crop 
growth. 
(13) Water-table depths greater than those of 1931 would improve the 
drainage and increase the depth of soil available to plant roots, thus 
increasing the soil productivity for the grain crops, sugar-beets, peas, 
corn, and potatoes, provided an adequate amount of water were avail-
able for irrigation. 
(College Series No. 353) 
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APPENDIX 
TABLE 1. Elevations of the piezometric surface in the Bell Tract (Utah) 
soil, as measured at various depths below the land surface with 
0.5 inch piezometer tubes (1926). 
Land Surface II 
Elevations 
1 
Tube Nos. 1 
Depth of Well 1 
(ft.) I 
No. Measure- 1 
ments I 
1926 1 
August 18 I 
20 1 
September 8 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
I 
I 
I 
I 
1 
1 
I 
i 
1 
1 
I 
1 
October 4 I 
16 1 
22 I 
25 I 
27 : 
1 
November 2 1 
I 
December 9 I 
AVERAGES 
4452.7 
1 
5 
19 
56.4 
56.5 
56.4 
56.0 
55.9 
55.5 
55.1 
55.1 
55.0 
55.3 
56.1 
55.9 
55.6 
55.8 
55.6 
54.9 
54.5 
54.3 
53.8 
55.4 
52.7 
2 
10 
20 
57.5 
57.5 
57.5 
56.1 
56.0 
56.0 
55.8 
55.6 
55.5 
57.3 
57.2 
57.4 
57.4 
57.4 
57.0 
56.5 
56.5 
56.3 
55.9 
53.5 
56.5 
52.7 
3 
15 
19 
63.3 
62.8 
62.8 
61.5 
61.4 
61.5 
61.5 
61.4 
61.4 
63.0 
63.0 
62.2 
62.1 
62.1 
61.9 
61.9 
61.8 
61.8 
61.2 
62.0 
52.7 
4 
20 
19 
64.6 
64.6 
64.4 
64.3 
64.2 
64.3 
64.3 
64.2 
64.1 
64.9 
64.0 
63.9 
64 .0 
63.8 
63.7 
63.6 
63.6 
63 .2 
55.5 
63.6 
52.7 
5 
25 
19 
67.3 
66.7 
66.6 
66.7 
66.7 
66.7 
66.6 
66.6 
66.6 
67.2 
66.7 
65.8 
65.6 
65.8 
62'.0 
61.8 
61.5 
60.8 
61.2 
65.1 
52.7 
6 
30 
19 
69.5 
69.5 
69.4 
69.3 
69.3 
69.7 
69.2 
69.3 
69.2 
68.4 
68.2 
67.9 
67.0 
66.2 
65.9 
65.8 
65.8 
65.1 
64.6 
67.8 
52.7 
7 
35 
19 
69.9 
68.5 
68.3 
68.7 
67.8 
67.7 
67.7 
67.8 
67.7 
67.7 
68.7 
67.4 
67.4 
66.7 
66.3 
65.8 
65.7 
65.1 
68.7 
67.5 
I I 52.7 
I 8 
I 40 
I I 19 
I 
1 70.9 
I 71.0 
I 
1 70.9 
1 71.1 
I 70.7 
I 70.8 
 ··--- - --
1 70.8 
I 70.7 
1 70.6 
I 70.7 
I 70.8 
I 70.8 
I 
1 70.7 
1 70.6 
I 70.5 
1 70.5 
1 70.5 
I I 70.3 
I 
1 70.3 
I I 70.6 
TABLE 2. List of artesian wells, classified according to major use or 
purpose and according to inside diameter. 
No. ! Major Use or I Inside Diameter of Wells (in.) 
1 Purpose 7--1 ----:-1 ----;----;-1 ----;-I-~~-'-----.-I - -
1 I 0.5 I 2.0 3.0 ! 4.0 I 5.0 12.0 I 14.0 
1 I I I I I 
1 I To m eaRure pressure I 1 I I 1 
I head 1 51 I 4 1 I 1 I 1 I --- --- --
I I 1 I I 1 
2 I To facilitate flow of i i i 1 I 
I water out of water- 1 I I I I 
I bearing gravels 1 I 3 3 I 14 1 3 I .-------
I I 1 I I I 
3 I To facilitate pumping i I I I I 
II of water from water- j I 1 I I 
1 bearing gravels I 1 --- --- I ---- -- 1 ----- - 1 I 1 
Totals-83 ! 51 1 7 4 1 15 1 4 1 I 1 
--------~--~--~-~--~--'---~-~ 
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TABLE 3. Descriptions and locations of wells drilled t o facilitate t he con-
trol of water pressures in t he water-bearing gravels of t he 
Cache County Artes ian Ground-water Reservoir. 
Well Nos. 1 
Approximate Dates I Diameter 
of Drilling (in.) Location* 
1929 I Late May I 
1- 3 I Late May I 2 West Bell Tract 
4- 6 1 Early June I 3 Middle Bell Tract 
7- 9 I Middle June I 4 East Bell Tract 
10-12 I Late June I 5 East boundary, Bell Tract 
13-23 I August I 4 In bottom of the Logan-
I I Benson Canal 
Cr-4" 1 August I 4 On M. C. Reeder Farm 
Bt -5" I September I 5 On Stephen Thurston 
I I Farm 
I I 14 On State Highway, on 
1930 1 June 1 Southeast corner of 
I I Fred Duce Tract 
*All in Sec. 16 
TABLE 4. Record of dates of opening and closing of the flowing wells and 
of operation of t he 12-inch pum p. 
Flow.ing Wells Large Pump 
Year I Date Date 
I 
24-hour 
II 
Date 
I 
Date I 24-hour 
Opened Closed Days Started Stopped Days 
Flowing Operated 
1 1 
___ __ ______ J ________ ____ 1929 1 Aug. 7* I . .- _-- --- ----- -- ------- -- ---- -- - --------------- -
I Aug. 14 1 Aug. 30 15 ------- ------.- - ::1 : 1 Sept. 7, '291 J uly 25, '30 321 --- ---- --- ------
I I 
I I I I 1930 1 July 31 I . -- -- ---- --- -- -- -- ------ -. ----- - July 18 Aug . 13 8.0** 
I --- ---- --- ------ I ----- -- -------- . --- --- -- ------- - Aug. 15 Aug. 16 1.5 
I ----- ------ -- --- I --- ---- .--- ---- . ----- ------ ---- - Aug. 20 Aug. 29 9.5 
1 ---------- ----- - I --- -- ----. -._-- . ---- ----------- . Oct. 4 Oct. 14 9.0 
I 1 
I 1 
1931 I J uly 31, '30 I June 26 330 JUly 7 July 10 3.0 I -------- -------- 1 -- ----------.--- -----------.---- July 11 July 13 2.25 
I J une 28 1 Aug. 1 34 --- -- ---- ---- -_ .. ------- ------ -- - ---- --------- ---
I Aug. 4 1 Sept. 1 28 July 16 July 22 6.0 
i ---- --- --- --- --- I ----- -- -- --.---- -. _- -- ----- ----- JUly 22 July 29 7.5 
·1 Sept. 11 I Nov. 1 50 July 29 Aug. 1 3.0 
I --- --- ----- ----- I ----- -----------
1-- -
Aug. 4 Aug. 5 1.25 
I ---- -- -------- -- I --- ----- -- ------ Aug. 7 Aug. 19 12.5 
I --- --- ---------- 1 -- ---- ---- ------ Aug. 20 Aug . 31 11.5 
1 I 
I I 
I II TOTALS 1 778 75 
*Three 5-inch wells 
**Operated dur ing working day only 
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TABLE 5. Elevations of the piezometric surface, as measured at points 
near the top of the water-bearing gravels with the "A" tubes 
(1929). 
Land-Surface I I I I 
Elevations I 61.5 54.1 I 45.7 I 45.3 I 49.7 
I i I I 
Tube Nos. I A~ A3 I A4 I Au I Ao 
I I I I 
No. Measurements I 12 13 I 11 I 11 I 11 
1929 I I I I 
June 13 I I 68.7 I 62.9 I 63.2 
19 I 67.1 I 67.7 I 62.7 I 62.8 
25 I 67.5 72.3 I 66 .9 I I 
27 I I I 62.3 I 61.9 
28 I 65.3 I I I 
29 I 68.4 I I I 
I I I I 
July 20 I 73.5 73.5 I I I 
23 I I 69.2 I 63.7 I 65.4 I I I 
August 1 I 68.8 73.3 I 69.3 I 63.7 I 66.2 
7 I 73.5 I I I 
8 I 66.1 I I I 
12 I 64.7 I I I 
14 I 63.9 I I I 
15 I 64.3 60.9 I 60.2 I I 
16 I I I 60.6 I 66.8 
19 I 63.9 59.9 I 59.3 I I 67.1 
20 I I I 64.2 I 
30 I 64.2 59.3 I 57.7 I 58.2 I 65.2 
I I I I 
eptember 3 I 68.3 71.3 I I I 
4 I I 66.5 i 60.6 I 67.5 
25 I 63.7 57.3 I 56.6 I 57.2 I 63.5 
I I I I 
ovember 23 I 62.2 55.6 I I I 
24 I I 55.3 I I 
29 I I I 56.3 i 64.5 
I I I I 
Averages I 66.4 65.5 I 63.4 I 61.2 I 64.9 
Piezometric I I I I 
Surface above I + 4.9 + 11.4 I -r I7.7 I +15.9 I +15.2 
Land Surface I I I I 
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TABLE 6. Elevations of the piezometric surface, as measured at points 
near the t op of the water-bearing gravels with the "B" tubes 
(1929). 
Land Surface I 
Elevations 74.5 62.0 53.2 51.0 I 53.2 65.2 
I 
Tube Nos. B-2 B3 B4 B;; I Bo B7 
I 
No. Measurements 5 6 9 12 I 11 11 
1929 I 
June 13 69.7 I 65.2 77.1 
19 74.6 69.6 I 64.4 77.6 
24 69.3 I 
27 68.3 I 63.1 75.0 
I 
July 22 72.1 I I 23 70.7 I 65.9 71.9 
I I 
August 1 77.1 73.4 I 71.0 I 64.7 75.9 
15 68 .3 67.4 I I 
16 
\ 
65.0 I 64.5 76.1 
19 67.4 66.5 64 .. 8 I 
20 75.1 I I 63.2 74.5 
29 I I 63.5 
30 75.0 64 .5 I 63.2 I 74.9 
I I 
September 3 74.7 I I 
4 69.4 I 67.7 I 63.4 77.1 
5 75.0 I 
25 73.8 64.1 I 63.7 I 62.2 62 .1 73.4 
I I 
November 23 63.2 I 62.3 I 
24 I I 
29 I I 61.2 62.0 69.1 
30 70.6 I I 
I I 
Averages 73.9 69.1 I 68.2 I 65.9 63.8 74.7 
Piezometric I I 
Surface above - 0.6 +7.1 1+ 15.0 I +14.9 +10.6 +9.5 
Land Surface I I 
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TABLE 7. Elevations of the piezometric s urface, as measured at points 
near the top of the water-bearing gravels with the "C" tubes 
(1929). 
Land Surface 
Elevations 71.6 59.8 65.5 72.2 
Tube Nos . C" C:; Co C. 
No. Measurements 12 12 11 11 
1929 
June 13 79.9 73.9 78.5 88.S 
19 79.2 73.5 78.9 86.3 
25 73 .7 
27 77.5 73.7 78.2 87.8 
29 79.4 
JUly 22 81.4 
23 71.5 72.0 90.3 
August 1 82.3 76.8 73.9 93.8 
15 93 .~ 
16 74.0 76.0 75.5 
19 76.6 73.6 
20 73.5 94.1 
29 73.0 
30 73.5 75.~ 94.2 
September 3 79.6 75.9 
4 
5 94.0 
6 73.5 
25 70.6 74.1 74.6 93.1 
.. 
November 29 
30 69.4 71.7 '75.0 88.2 
Averages 76.7 69.1 75.1 90.9 
Piezometric 
Surface above + 5.1 + 9.3 +9.6 18.7 
Land Surface 
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TABLE 8. Elevations of the piezometric surface, as measured at points 
near the top of the water-bearing gravels with the "D" tubes 
(1929). 
Land Surface i 
Elevations I 91.0 85.3 77.6 71.9 
I 
Tube Nos. I Da Da1h D I D5 
I 
No. Measurements I 6 2 12 10 
1929 I 
June 20 I 85.0 94.0 
25 I 85.0 
27 I 87 .3 84 .1 90.0 
29 I 85.9 
I 
July 22 I 86.8 95.6 
I 
August 1 I 88.5 96.5 
14 I 85.1 
15 I 86.7 91.5 
19 I 86.9 96.5 
30 I 83.3 85.8 97.7 I 
September 3 I 85.6 97.6 
6 I 85.4 
25 I 82.1 85.1 83.4 93.7 
I 
November 23 I 79.8 87.7 
30 I 79.4 80.6 
I 
Averages I 83.9 82.8 85.2 94.1 
Piezometric I 
Surface above I -7.1 -2.5 +7 .6 22.2 
Land Surface I 
-------
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TABLE 9. Elevations of the piezometric surface, as measured at points 
near the top of the water-bearing gravels with some of the 
Bell Tract tubes (1929). 
1 I I I 
Tube Nos. I E 3 E 2 W2 Wa N4 I N2 I S3 I S. I I 
I I I 1 No. Measuremenb I 12 11 11 11 11 10 I 11 I 8 
1929 I I I 
\ May 21 I 74.8 73.6 72.2 71.9 73.5 1 73.2 1 72.4 
I I I 
June 1 I 73.2 72.2 69.3 69.1 71.9 1 t71.6 I 69.5 1 73.9 
17 I 73.0 72.1 69.7 69.8 69.7 1 71.6 1 70.2 1 
20 I --- --- 1 1 1 
24 1 72.6 72.3 1 1 1 
25 I --- --- I 1 I 
1 1 I 1 July ~g I ~~:2 73.5 72.7 71.2 1 71.6 1 68.7 73.3 1 72.6 I 1 
1 1 1 
August 2 1 73.5 73.6 71.2 71.2 69.3 I 73.0 I 71.5 I 69.1 
14 1 60.8 59.6 58.3 58.6 59.3 I 59.5 I 58.5 I 59.5 20 1 58.0 57.5 56.9 37.0 55.3 I 57.6 I 57.2 58.8 30 1 57.9 57.1 56.6 56.9 57.2 I 57.1 56.9 I 58.7 
1 I 1 I 
September 5 \ 68.3 67.6 67.0 66.9 68.7 I 66.9 I 66.0* \65.9* 
28 56.2 56.4 55.5 55.3 55.2 1 55.4 I 55.8 57.2 
1 I I I 
November 29 I 54.6 
I I 53.8 I 30 1 ------ 53.9 54.0 54.0 I 
I I I I Averages I 65.3 66.8 63.9 63.8 64.3 I 65.8 I 63.9 I 64.0 
*These measurements made on Sep ember 6. 
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TABLE 10. Elevations of the piezometric surface as measured at points 
near the top of the water-bearing gravels with the Reeder 
2-inch well, the Reeder 4-inch well, and the "C" tubes (1930). 
Land Surface 1 1 
Elevations 1 71.6 70.1 72.8 63.8 1 59.8 
1 1 
Tube Nos. t Ca Cr-2" C4 Cr-4" 1 C5 I 
1 1 
No. Measurements 1 14 16 14 16 i 5 I 
1930 1 1 
April 21 1 1 67.9 
1 1 
JUly 4 1 65.7 1 
1 I 
August 16 1 57.1 68.6 1 
20 I 62.5 59.6 72.2 1 
21 1 59.0 57.1 70.1 57.8 1 
22 1 63.5 59.6 70.4 60.3 1 
23 1 59.3 57.6 68.7 58.1 1 
25 1 58.0 57.6 66.6 57.8 1 
26 1 58.8 58.8 66.4 59.0 1 
27 
-I 64.7 61.1 71.9 61.2 1 29 66.5 62.1 73.1 62.4 1 
1 1 
September 1 1 70.5 71.1 1 
15 1 72.5 69.5 I 
18 1 56.5 69.1 1 
1 I 
October 4 1 71.2 70.0 1 
8 1 56.6 71.6 57.3 1 
14 1 58.1 68.4 57.0 I 53.3 
16 1 69.0 70.7 73.4 69.0 1 52.2 
18 1 70.5 71.1 73.4 69.6 I 52.4 
23 I 71.5 71.4 73.2 70.3 1 52.8 
1 1 
Averages 1 64.7 62.5 70.5 63.4 1 55.7 
Piezometric 1 1 
Surface above 1 - 6.9 - 7.6 -2.3 -0.4 1 -4.1 
Land Surface I I 
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TABLE 11. Elevations of the piezometric surface as measured at points 
near the top of the water-bearing gravels with the Thurston 
5-inch well, the Quayle 2-inch well, and the "D" tubes (1930). 
Land Surface 
Elevations 64.2 91.0 85.3 85.3 77.6 71.9 
Well and 
Tube Nos. Bt-5" D3 D31h Dq-2" D.J D;; 
No. Measurements 11 1 11 21 5 1 
1930 
April 21 84.5 72.1 90.0 78.7 84.2 
July 4 89.2 
August 14 84.6 
15 57.2 82.3 
16 57.2 82.3 
19 I 88.8 
20 I 59.4 77.3 82.8 
21 I 57.2 76.8 81.8 
22 I 60.2 77.1 83.1 
23 I 57.6 77.1 81.8 
25 I 57.5 76.8 81.5 
26 I 58.4 77.0 82.3 
27 I 60.7 76.8 83.4 
29 I 61.7 76.8 84.2 
I 
September 1 I 64.7 76.8 88.0 
I 
October 4 I 85.7 
8 I 76.8 79.8 72.4 
14 I 87.3 76.2 
16 I 87.3 78.7 I 
18 I 88.0 78.9 I 
23 I 80.8 I 
I I 
Averages I 59.2 84.5 76.5 84.6 77.0 I 84.2 
Piezometric I I 
Surface above 1 -5.0 - 6.5 - 8.8 -0.7 -0.6 1+12.3 
Land Surface I I 
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TABLE 12. Elevations of the piezomet ric surface, 8.S measured at points 
near the top of the water-bearing gravels with the "A" tubes 
(1931) . 
Land Surface I I I 
E levations 61.5 I 54.1 I 45.7 45.3 49.7 I 39.4 41.2 
I I I 
Tube Nos. A2 I A~ I A4 A5 Aa I A'6 A', 
I I I 
No. Measurements 12 I 21 I 11 9 9 I 9 9 
1931 I I I 
June 5 62.3 I 57.4 I I 
I I I 
July 8 I 53.0 I I 
10 59.9 I I 
\ 11 
\ 
54.5 I 
13 53.5 I I 15 I 56.8 I 
16 I 
53.7 I 54.4 I 
17 53.5 53.0 j I 
18 I 52.6 I 52.6 I I 
21 I 52.0 I I I 
22 I I I I 
23 59.5 I 52.0 I 52.0 I I 
25 I 52.0 I I I 
28 59.3 I 51.8 I 53.0 I 59.4 I 45.7 45.7 
I I I I 
August 3 63.7 I 65.1 I 53.8 I 59.7 I 46.0 45.8 
14 59 .1 I 
51.6 I 52.4 52.8 I 59.2 I 46.4 46.6 
22 59.2 51.5 I 51.3 52.8 I 59.0 I 47.9 46.5 
28 58.9 I 51.3 I 50.8 52 .0 I 59.1 I 46.0 46.4 
I I I I 
C:eptember 2 I I 57.0 52.2 I 59.0 I 45.9 46.7 
3 63.0 I 63.6 I I I 
5 
I 
62.8 I 63.1 I 57.7 54.0 I 59.2 i 47.1 46.5 
7 62.8 I I I I 
11 I 55.8 I 55.3 I 59.0 I 45.9 46.5 
12 I I I 54.8 I I 
14 I I 55.7 i I I 18 61.1 I 55.7 I 54.5 I 59.2 I 45.8 46.4 
21 I I I 55.0 I I 
I I I I I Averages 61.0 I 55.1 I 53.7 53.4 I 57.0 I 46.3 46.4 
Piezometric 
1- 0.5 
I I I I 
Surface above 1+ 1.0 1+8.0 +8.1 1+7.3 1+6.9 5.2 
Land Surface I I I I I 
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TABLE 13. Elevations of t he piezometric surface, as measured at points 
near the top of the water-bearing gravels with the Thurston 
5-inch well and with the "B" tubes (1931) . 
Land Surface I I I 1 I I I 
Elevations I 74.5 1 62.0 I 64.2 1 53.2 1 51.0 I 50.31 65.2 
Well and I II I I I I B5% 1 Tube Nos. I B2 B3 i Bt-5" 1 - B4 I Bs B7 
No. Measure- I I 1 I I I I ments I 4 11 I 20 9 I 9 I ------ I 9 
Distance from I I - I I 
------ 1 
------1 1930 Well (ft.) I --- --- I ---- -- 11620 ------ I 
1931 I I I 1 I 
June 5 I -- ---- I 64.7 -- ---- I -- ---- I ._ --- - I 
I 1 I I I 
July 8 
1 
--- --- I 55.9 ------ I I I -- ---- ------ I ------
9 
-- ---- I 55.3 ------ I ---- -- I I 
11 I --- --- I 58.0 ------ I ___ ___ I 
------/ 
--- I 
--- --- I 13 
1 
------
62.8 1 55.2 
------ I ------
17 
------ I 55.5 I I I 
I 
- - -- - - 1 --- -- - 1 
18 
----- - I ------ I 55.0 --- --- I ------ I -- -- -- I 
21 
-- ---- ------ I 54.7 ------ i -- -- -- I 
22 
------ ------ I 55.1 ------ I --- -- - \ 
23 
--- --- --- -- - I 54.7 
25 
I 53.7 1 54.7 1 28 ----- - I ---- -- I 54.8 53.6 71.2 
I I I August 3 I ___ ___ flowing 59.6 57.6 71.2 
4 I ------ I 63.6 1 55.0 I 
8 I ------ I --- --- I ------ I 
14 
I 
53.3 1 54.4 1 54.8 54.8 53.6 71.2 
22 65.4 53.4 1 54.3 1 55.1 54.9 53.6 71.0 
28 64.9 53.0 I ---- -- I 54.3 1 53.6 52.2 70.9 
31 I ------ I 54.1 1 ------ I 
I I I I 
September 1 
I 
------ I 66.3 1 ------ I 
2 
------ I 69.5 1 60.1 1 58.1 56.1 71.0 
3 64.9 66.6 1 ~~:~ I ------ I 4 
------ I -- ---- I ------ I ---- -- I 
5 I 64.8 66.5 1 ------ I 62.5 1 60.8 1 58.6 1 70.9 
11 61.7 1 --- --- I 62.2 1 61.1 1 59.3 1 70.8 
12 ~~:~ I 66.0 I 60:7 1 ---- -- I ------ 1 18 65.7 1 59.3 1 57.6 1 70.8 
21 
------ I 62.2 1 ---- -- I ------ I ------ I ------ I 
1 65.0 1 
I I I I I 
Averages 59.9 1 58.7 1 58.5 1 57.4 1 55.8 1 71.0 
Piezometric I I I I I I I Surface above 1-9.5 - 2.1 1-5.5 1 + 5.3 1 + 6.4 1 +5.5 1 + 5.8 
Land Surface I I I I I I 
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TABLE 14. Elevations of the piezometric surface, as measured at points 
near t he t op of t he water-bearing gravels with t he Reeder 
2-inch well, the Reeder 4-inch well, the Peterson 2-inch well, 
and the "e" tubes (1931) . 
Land Surface 1 1 1 1 I 62.4 I 1 Elevations 1 71.6 I 70.1 1 72.8 1 63.8 59.8 1 65.5 72.2 
Well and 1 1 1 1 I 1 1 
Tube Nos. 1 C3 I Cr-2" 1 C4 1 Cr-4" 1 Cp-2" 1 Co 1 Cs C7 
No. Measure- 1 1 1 1 1 
ments 1 4 20 1 21 I 21 1 18 20 1 9 9 
1931 1 1 1 1 1 
June 5 I 69.0 68.5 I 73.4 1 67.3 1 61.9 67.5 1 
I 1 1 I I 
July 7 I 68.7 I 1 I I 
8 
I 
55.8 I 71.8 I 57.3 I 59.7 67.8 I 
9 55.4 I 69.5 I 56.0 I 58.2 67.8 I 
10 I I 67.8 I 55.9 I 57.4 67.3 I 
11 I 58.1 I 70.7 1 57.8 I 59.9 67.8 I 
13 I 55.6 1 66.2 I 55.6 I 56.9 67.0 I 
14 I 68.2 I I I I 
15 I I 73.4 I 67.1 1 60.4 67.0 I 
17 I I 69.0 I 56.3 I 58.1 66.8 I 
18 1 I 1 55.5 I I 
21 I 54.8 I 62.7 I 55.3 I 56.0 66.8 I 
22 I 55.1 I 61.6 I 55.8 I 56.0 66.6 I 
23 I ---- -- 54.9 I 61.6 I 55.1 I 55.7 66.6 I 25 54.9 I 62.4 I 55.0 I 55.5 66.4 I 
28 I I I I 66.1 I 68.1 80.1 
I I I I I I 
August 3 1 .72.1 I I I 66.3 I 68.1 I 80.7 
14 I 55.1 I 61.7 1 54.7 I 55.2 66.0 I 68.2 I 80.6 
21 I I 65.3 I I I I 
22 I 56.0 54.4 I I 54.8 I 55.3 66.0 I 68.2 I 80.9 
28 I I I 60.4 1 I 54.4 I 68.2 1 80.8 
31 I 54.5 
I 
54.6 I 60.2 I 54.3 I I I i I I I I 
September 1 I 61.5 67.6 I 67.4 I 65.9 1 I 
2 I I 70.7 I 72.5 I 68.6 60.0 65.5 I 68.2 I 80.4 
4 I I 71.0 I 74.4 I 69 .7 65.9 I I 
5 I I I I 62.4 I 68.2 I 79.6 
11 I II I 73.2 1 66.5 62.4 65.6 I 68.2 1 80.2 12 I 67.4 I I I I 18 I I 67.1 I 72.3 I 65.8 I 66.1 1 68.4 1 79.6 
I I I 1 I I I Averages I 60.2 I 61.5 1 67.5 I 59.5 58.1 I 66.6 1 6:7.1 1 80.3 
Piezometric 1 I I 1 I I I Surface above 1- 11.4 1-8.6 1- 5.3 1-4.3 -4.3 1+ 6.8 1+1.6 1+8.1 
Land Surface I I I I I 1 I 
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TABLE 15. Elevations of the piezometric surface as measured at points 
near the tOI> of the water-bearing gravels with the Quayle 
2-inch well, the "D" tubes and the "E" tubes" (1931) . 
Land Surface I I I I I 
Elevations I 85.3 I 85 .. 3 I 77.6 I 71.9 I 95.8 94.8 
Wells and I I 1480 I I I 
Tube Nos. I Da1/z I Dq-2" I DI I D ::; I E " E , 
I I I I I 
No. Measurements I 3 I 31 I 24 I 9 I: 11 14 
1931 I I I I I 
June 5 I I 86.6 I 78.8 I I 
25 I I 89.2 I I I 
26 I I 89.4 I I I 
I I I I I 
July 8 I I 79.5 I 77.9 I I 
9 I I 78.7 I 75.1 I I 
10 I I 78.6 I 73.5 I I 
11 I I 85.2 I 74.7 I I 
13 I I 77 .2 I 72.5 I I 
14 I I 84.9 I 74.1 I I 
15 I ------ I 85 .3 I 76.3 I 1 
16 I I II 77.3 I I 95.1 17 I I 78.3 75.2 I 1 95.1 
18 1 I 77.6 1 1 1 95.9 
21 I I 77.2 I 70.7 I 82.1 I 97.0 
22 I I 78.1 I 70.6 I I 97.0 
23 I I 77.1 I 70.3 I I 
25 I I 76.8 I 70.0 1 I 97.0 
28 I I I I 80.9 1 
I I 
\ 
I I 
August 3 I I 85.2 74.8 I 81.1 1 9'7.2 
4 I I 78.5 I I I 
8 I I 76.7 1 72.6 I 94.0 
15 I I 75.9 I 69.0 I 81.3 93.3 95.9 
20 I I 82.8 I I 94.0 
21 I I 76.3 I 70.7 I 93.2 95.6 
22 I 67.3 I I I 80.9 
31 I 67.0 I 75.6 I 68.2 I 92.7 94.8 
I I I I 
September 1 I 6'7.5 I 82.6 I 70.5 I 93.4 
2 I I 84.1 I 73.2 I 80.6 93.7 95.1 
3 I 1 84.3 I I 93.8 
4 I I 84.4 I 76.1 I 80.7 9'3.9 95.2 
7 I I 84.4 1 I 
9 I I 84.4 1 I 81.3 I 
11 I I 83.2 I 77.9 I 81.0 I 93.7 95.0 
21 I I 82.8 I 77.2 1 I 93.4 95.1 
I I 1 I 1 
Averages I 67 .3 I 81.6 I 73.6 I 81.1 I 93.6 95.8 
Piezometric I 1 I 1 1 
Surface above 1-18.0 1-3.7 1-3.0 1+9.2 1-2.2 1.0 
Land Surf~ce I I I 1 I 
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TABLE 16. Discharges of Lamb Drain (1931) . 
I 
1 2 3 4 1 5 6 
I 
Date Time Head in I Discharge in 
1931 (in.) 1 (ft.) 1 (c. f. s.) 1 (g. p. m.) 
I I I 
June 4 2 I 0.167 I 0.030 I 13.50 
5 2 1/ 16 1 0.172 1 0.033 1 14.85 
8 2 % I 0.198 1 0.046 I 20.70 
24 5.00 P. M. 1 % 1 0.136 I 0.0183 8.23 
25 8.00 P . M. 2 :-X' I 0.200 I 0.0473 21.28 
26 6.00 A. M. 2 7/ 16 1 0.205 I 0.0503 22 .63 
26 8.00 P . M. 2 % I 0.230 1 0.0668 30.06 
28 8.10 A. M. 211/ 16 1 0.225 1 0.0633 28.48 
28 1.30 P . M. 2 Ih 1 0.216 1 0.0534 24.03 
28 8.20 P . M. 2 ::1/.., I 0.200 1 0.0473 21.28 
29 11.20 A. M. 2 0 1 0.187 1 0..0401 18.04 
30 8.40 A. M. 3 %. 1 0.315 1 0.145 65.25 
1 1 
July 8 8.30 A. M. 2 0 1 0.187 1 0.0401 18.04 
9 9.10 ~. M. 1 9/ 16 1 0.130 1 0.0.163 7.33 
10 0 1 0 1 0 0 
11 0 I 0 1 0 0 
14 0 1 0 1 0 0 
15 0 1 0 1 0 0 
16 0 1 0 1 0 0 
17 0 I 0 1 0 0 
20 0 1 0 1 0 0 
21 0 1 0 I 0 0 
22 0 I 0 1 0 0 
23 0 i 0 I 0 0 
25 0 1 0 1 0 0 
I 1 
August 1 0 I 0 1 0 0 
15 0 I 0 1 0 0 I 
31 0 I 0 1 0 0 
I 1 
October 1 0 1 0 1 0 0 
1 1 
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TABLE 17. Discharges of H urren Drain (1931). 
1 2 3 4 5 6 
Date Time Head in Discharge in 
1931 (in.) I (ft.) (c. f . s.) ( g. p. m.) 
June 4 4 1/ 16 I 0.340 0.176 78.2 
5 3 Y8 I 0.323 0.155 69.8 
8 4 ~ I 0.354 0.194 87.3 
24 4.00 P. M. 4 lh I 0.345 0.182 81.8 
27 11.00 A. M. 5 % I 0.470 0.39 175.0 
28 8.00 A. M. 5 % I 0.460 0.37 166.0 
28 1.50 P . M. 5 ~ I 0.440 0'.332 148.0 
28 8.10 P . M. 5 1h I 0.425 0.305 137.0 
29 11.10 A. M. 5 I 0.415 0.287 129.0 
30 8.10 A. M. 4 %, I 0.395 0.254 114.0 
I 
JUly 7 6.00 P. M. 4 % I 0.365 0.209 94.0 
8 11.30 A. M. 4 I 0.335 0.169 76.0 
9 8.00 P. M. 3 % I 0.315 0.145 65.2 
10 11.30 A. M. 3 ~ I 0.305 0.134 60.3 
10 5.30 P . M. 3 7/ 16 I 0.285 0.1135 51.0 
11 4.20 , P . M. 3 7/ 16 I 0.285 0.1135 51.0 
12 11.00 A. M. 3 3,{ I 0.280 0.1086 48.8 
13 7.00 A. M. 3 ~ I 0.270 0.0993 44.7 
13 4.45 P. M. 3 1/16 I 0.255 0.0862 38.2 
14 8.25 A. M. 3 11/ 16 1 0.310 0.140 55.6 
14 1.15 P. M. 3 9/ 16 I 0.295 0.1236 51.0 
15 9.45 A. M. 3 % I 0.280 0.1086 48 .8 
15 12.10 Noon 3 ~ I 0.270 0.0993 44.7 
16 3.35 P. M. 3 1/ 16 I 0.255 0.0862 38.8 
16 6.55 P . M. 3 1/16 I 0.255 0.0862 38.8 
17 9.30 A. M. 3 I 0.250 0.0821 36.9 I 
18 10.40 A. M. 2 %, I 0.230 0.0668 30.0 
18 3.00 P . M. 2 Ys I 0.220 0.0599 27.0 
20 3.40 P. M. 2 % I 0.200 0.0473 21.3 
21 10.25 A. M. 2 5/ 16 I 0.193 0.0434 19.5 
22 11.30 A. M. 2 ~ I 0.187 0.0401 18.0 
23 9.50 A. M. 2 ~ I 0.187 O'.04()1 18.0 
25 7.45 A. M. 2 1/ 16 I 0.172 0.0326 14.7 
26 10.30 A. M. 1 % I 0.146 0.0218 9.8 
27 4.05 P . M. 1 % I 0.146 0.0218 9.8 
28 10.15 A. M. 2lh I 0.177 0.0350 15.8 
28 2.50 P . M. 2 3/ 16 I 0.182 0.0375 16.9 
30 1.35 P. M. 3 % I 0.315 0.145 65.2 
30 8.00 P. M. 3 112 I 0.290 0.1185 53.3 
31 3.00 P . M. 2 9/ 16 I 0.215 0.0566 25.4 
I 
August 2 12.00 Noon 115/ 16 1 0.162 0.0281 12.2 
3 9.45 A. M. 1 % I 0.062 0.0077 3.5 
3 7.30 P . M. 2 3/ 16 I 0.203 0.0491 22.1 
4 9.30 A. M. 2 1/16 I 0.172 0.0326 14.7 
4 6.30 P. M. 113/ 16 1 0.151 0.0236 10.6 
9 10.00 A. M. 1 % I 0.146 0.0218 9.8 
10 8.00 A. M. 1 % I 0.146 0.0218 9.8 
14 4.00 P. M. 1 Ys I 0.156 0.0256 11.5 
18 4.45 P. M. 1 I 0.083 0.005 2.2 
20 7.30 A. M. 15/ 16 1 0.078 0.0044 2.0 
31 11.15 A. M. % I 0.031 0.0004 0.2 
Note : Measurement s made from Sept ember 1 to October 1 showed zero. 
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TABLE 18. Water-table depths (inches) west of the large drain adjoining 
the Oregon Short Line Railroad (1929 and 1930). 
Land Surface 
Elevation 
No. of Hole 
No. of 
Observations 
1929 
Jul y 
Aug ust 
Mean 
1930 
Augu t 
Septembe r 
October 
Maximum 
Minimum 
Mean 
29 
2 
7 
23 
26 
29 
30 
1 
12 
13 
15 
16 
17 
18 
19 
20 
22 
25 
23 
I 56.4 I 55.9 1 55 .3 11 54.1 \ 50.9 11 49.1 \ 47.6 / 46.8 \ 46.7 1 46.6 1 46.4 11 46.5 
I \ I I I I Xl X 2 I Xa I X4 I Xu 
/ 15 / 15 
) 
I 
9 16 
\ 11 17 11 19 
I 
/ 10 17 
23 21 
24 20 
20 1 
20 18 
I 20 17 
20 19 
20 20 
20 20 
20 20 
20 21 
20 21 
20 21 
20 
I 
21 
20 20 
I  
18 16 
.... I . ... 
1 15 
\ 26 
\ 27 29 
~ 27 
27 
27 
27 
27 
28 
30 
30 
31 
31 
31 
32 
42 
41 
35 
28 
I  
.... 
~ 42 I 27 
I I 31 
1 15 I 
! 12 I" 1 13 27 15 30 
~ 13 ~ 28 
19 .... 
22 ._ .. 
20 .... 
21 .... 
24 ... -
16 .... 
18 ... -
19 ... -
19 ... . 
18 _ ... 
17 __ A' 
18 .... 
18 .... 
15 .... 
13 _ .. . 
II 
... . 
II 
.... 
I 
I 
24 
13 
j .... 
I J I Xa I X 7 
1 12 
I" 25 26 
~ 25 
. ... 
47 
48 
48 
50 
.... 
60 
60 
66 
60 
60 
_.-. 
62 
60 
49 
I  
. ... 
I I 66 
I 47 
I I 56 
I 
1 14 
1
19 
18 
19 
1
19 
42 
43 
43 
49 
50 
_._ . 
51 
51 
52 
52 
51 
.... 
51 
51 
51 
50 
1
52 
42 
Ix / X g 
1 14 I 7 
1
18 
I···· 17 .... 17 
1 17 I···· 
j 54 ... . 55 . _--
I 55 . _.-44 ... -
44 .. .. 
_ ... 
. ... 
56 .... 
56 42 
56 43 
56 43 
58 45 
.---
.._ -
58 44 
57 42 
50 33 
43 -_.-
\ 58 \ 45 
I 43 I 33 
\ XI O I XU II X] ~ 
I 8 I 7 I 5 
I . ... I···· _._. I···· . ... 
I···  I···· I···· 
I 
. ... .... -_ .. 
.... 
-- --
-_ .. 
._.-
----
. ... 
. ... 
-- --
.... 
... - ._-- ... -
._ . - . _.- . ... 
-_-. ._--
___ A 
44 43 -_ .. 
45 44 . ... 
44 43 -_ .. 
45 44 67 
I .... ._--
I 45 43 66 43 42 65 
1 
43 41 59 
43 _._ . 45 
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TABLE 19. 
Land Surface 
Elevation 
N o. of Hole 
No. of 
Observations 
1931 
June 
July 
A.Ug us t 
September 
October 
Maximum 
Minimum 
Mean 
TABLE 20. 
Water-table depths (inches ) west of the large drain adjoining 
the Oregon Short Line Railroad (1931). 
5 
24 
7 
9 
11 
13 
14 
15 
16 
17 
18 
21 
23 
25 
3 
8 
22 
29 
3 
12 
7 
/ 56.4 \ 55.9 / 55.0 I 54.1 \ 50.9 \ 49 .1 \ 47.6 / 46 .8 \ 46.7 \ 46.6 1 46.4 I 46.5 
1 15 1 16 1 17 1 18 1 13 1 14 / 17 1 16116/617116 
10 
__ A' 
19 
19 
19 
20 
-_ .. 
20 
.... 
20 
19 
20 
19 
20 
\ 21 20 
I 32 
I···· I 
/ ;iii 
I 
I···· 
\ 46 10 
I 
I 
I 22 
12 
----
23 
25 
25 
26 
----
27 
----
27 
28 
28 
28 
29 
I 
I :~ 70 
I 
/ 56 70 
I I .... 
\ 
70 
12 
I I 37 
I 
~ ~.~. / 45 ( 19 22 I·.·. 
34 36 61 
35 40 61 
37 39 
-- --
37 40 61 
.... 
----
._ .-
37 40 ._.-
.... 
----
61 
42 40 61 
44 141 61 44 4 61 
44 49 61 
46 49 61 
I" I" I 72 49 .... 75 54 80 61 79 
1/ 80 
I I 
1 60 / 78 84 65 83 
I I I I .... I .... I ···· 
I 
I 84 22 
I 
I 
I 51 
~ .... 44 
----
.... 52 
42 54 
----
51 
43 55 
42 56 
.... 
___ A 
43 54 
43 54 
43 54 
44 56 
43 56 
43 56 
I ~l ._ .. 57 58 24 60 
I 
/ 24 59 28 60 
I ! .... I .... 
II 36 I, 55 
f 
36 _._. / 38 
._--
----
. _- -
54 55 
----
52 55 
----
49 50 57 
52 49 57 
----
51 _ __ A 
-_ .. 
---- -- --
52 51 _ _ _ A 
55 51 . _- -
54 54 . _- -
54 53 -_ .. 
54 53 
----56 54 
----
. _-- -_ .. .... 
62 57 ... -
55 54 .... 
50 56 55 
50 
1
46 51 
52 58 56 
I .... I ···· I .... 
I 
38 
.. _ . 
47 
48 
.---
-_ .. 
----
----
----
.. -. 
... . 
._--
-_ .. 
_ __ A 
----
. ... 
._--
56 
55 
1
53 
I 51 
\ 
56 
38 
/ .... 
._ .. 
66 
64 
66 
66 
._ .-
. _.-
66 
66 
65 
66 
65 
66 
63 
62 
63 
61 
61 1,0 
\ 
66 
60 
Water-table depths (inches) on the Bell Tract (1930). 
Land Surface 
Elevations 51.6 51.4 51.6 52.9 51.5 51.3 51.5 52.5 51.4 
No. of Hole R1 R2 Ra R4 R5 Ro R7 Rs Ro 
No. of 
Observations 11 12 11 11 12 11 11 11 9 
1930 
August 29 26 27 27 24 26 26 22 29 29 
30 27 27 22 26 
September 1 14 27 26 14 · 11 27 
12 20 26 28 24 29 22 20 30 22 
13 21 27 29 25 28 22 21 30 
16 21 27 28 26 28 22 19 31 22 
17 20 28 28 26 26 22 19 31 23 
18 21 28 28 25 26 22 20 31 23 
19 20 28 27 25 25 22 20 31 22 
20 21 28 28 25 26 23 21 32 23 
22 21 26 21 15 21 23 21 32 23 
25 17 19 11 11 10 18 15 19 26 
Maximum 26 28 29 26 29 26 22 32 29 
Minimum 14 19 11 11 10 14 11 19 22 
Average 20 26 26 23 25 21 19 29 24 
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TABLE 21. Water-table depths (inches) on the Bell Tract (1931) . 
Land Surface I I I I I I I I Elevations I 51.6 51.4 I 52.9 I 51.5 I 51.3 I 51.5 I 52.5 I 51.4 54.2 
I I I I I I 
No. of Hole I R1. R2 I R4 R5 I R6 R7 I R I Ro I AI-I 
No. of I I I I I 
Observations 1·14 13 I 17 l'f7 I 14 16 I 17 16 I 15 
1931 I I I I I 
June 5 I 19 26 I 12 12 I 20 13 I 24 29 I 
24 I 22 I I I 30 I 
I I I I I 
July 7 I 29 37 I 36 34 I 27 26 I 30 47 I 33 
9 I 30 39 I 36 34 I 30 28 I 31 51 I 33 
111 29 38 I 36 32 I 30 26 I 31 I 34 
13 I 29 44 I 37 36 I 32 30 I 33 52 I 28 
15 I I 38 36 I I I 30 
16' I 34 I 35 33 I 35 54 
17 I 35 42 38 34 I 35 34 37 54 30 18 32 43 38 33 I 34 32 37 55 31 
21 I 17 52 39 38 I 20 19 26 54 32 
23 I 31 49 39 44 I 34 31 34 56 32 
25 I 16 56 42 40 I 20 19 26 57 35 
I 
I August 2~ I 59 47 46 50 40 63 40 31 64 48 45 33 31 33 58 36 
31 I 78 49 48 I 45 47 53 60 40 
I I 
September 3 I 43 50 48 I 34 34 30 60 37 
12 I 52 51 I 47 64 
I I October 7 I 44 49 31 48 32 
I I 
Mean I 28 48 40 39 I 31 31 33 54 34 
I I 
TABLE 22. Water-table depth (inches) in the vicinity of the 1930 well during the season of 1930: Holes Wl-'V~. inclusive. 
Land Surface 
Elevations 
No. of Hole 
No. of 
Measurements 
1930 
August 
September 
October 
Maximum 
Minimum 
Mean 
25 
26 
27 
29 
30 
1 
2 
12 
13 
15 
16 
17 
18 
19 
20 
22 
25 
4 
8 
18 
82.0 I 86.8 II 85.5 \ 79.1 / 
W1 \ w2 1 Wa II W 4 / 
18 1 15 I 14 I 14 I 
23 24 10 21 
24 24 12 24 
21 25 12 22 
22 26 14 17 
. ---
.... .... . ... 
23 26 12 21 
24 
24 26 14 21 
25 26 14 21 
26 27 15 23 
26 27 15 23 
26 28 11 24 
26 27 14 23 
27 29 16 23 
27 29 16 24 
27 ...... 12 13 
17 .... -_ .. ..... 
._ .. _ .... 
16 15 .... 
----I 6 12 .... . ... 
79.4 II 77.2 1 
W 5 i W o 1 
14 \ 15 I 
14 9 
20 3 
20 2 
20 6 
.0 •• 4 
10 10 
0 16 
0 15 
0 16 
0 15 
0 15 
12 15 
11 16 
12 16 
8 14 
. ... .- ... 
".". . ... -
.... 
_ ... 
. -.. .... 
73.3 / 
1 W, I 
17 \ 
18 
19 
19 
20 
20 
23 
29 
ii 
31 
32 
32 
32 
33 
31 
22 
25 
9 
I 
70 .9 1 
Ws 
15 
12 
11 
18 
. _--
22 
33 
33 
35 
36 
36 
36 
37 
37 
38 
... -
25 
20 
.-.-
I 27 I 29 1
16 I 24 I 20 1 16 I 33 I 38 6 12 10 13 0 2 9 11 
l 23 l 25 l 13 l 21 ( 9 ( 11 ( 25 ( 29 
68.8 / 73 .3 \ 74 .7 / 75.7 \ 71.1 1 76.5/ 85.9 \ 92.1 1 85.6 1 83.9 \ 70 .1 / 68.9 
~ ~ ~ I ~ ~ / ~ / ~ I~ I ~ I W 1S \ W 10 1 W2Q. 
15 / 14 1 14 I 14 \ 14 I 14 I 10 \ 13 \ 12 I 8 I 8 1 7 
30 25 24 23 34 10 .... .... . .... . ... __ e. 
----28 34 11 __ e . __ e .. 
28 28 21 18 34 9 42 36 26 28 
-- --
.0_-
.. -. 22 19 19 12 13 41 36 27 28 
----
... -
. ... .... .-.. .. -. -_ .. .. .... . ... . ... . ... .- .- . ... ... -
30 27 22 23 14 18 38 36 26 29 ... . ..... 
29 ----
_ ... 
_ ... 
.... . ... 
37 30 24 24 13 .... 38 23 .... . .... 37 31 13 24 27 .... 38 .... 18 . ... 
38 32 23 25 14 28 .... 39 24 _ .. . .... 20 38 32 24 26 13 30 37 40 24 40 31 24 25 14 29 40 25 26 18 21 
40 32 24 26 13 30 37 41 25 26 17 21 
42 31 25 26 14 31 38 41 25 26 18 22 
41 32 24 26 14 31 37 42 25 26 17 22 
41 30 12 24 1 29 38 42 24 _ ... 16 21 
0. _- .... _ ... .. .. - .... . ... .... .... . .... . ..... .. ... ...... 
.. .. 3S 4 6 26 17 9 14 8 ... - 38 23 _.- . I 9 9 13 .... . ... . ... .... . .... 88 .... .... ._. .. ..... 
42 I 32 I 25 I 26 I 34 I 31 I 42 I 42 I 27 I 29 1 18 I 22 13 17 9 14 1 9 37 36 23 4 6 9 
34 ( 24 I 17 I 23 I 17 I 23 I 38 I 39 I 25 I 24 I 15 I 19 
TABLE 23. Water-table depth (inches) in the vicinity of the 1930 well during the season of 1931: Holes- WI to W24, inclusive. 
Land Surface 
/ 82.0/ 86.8/ 85.5 / 79.1 1 79.4 1 77.2 1 73.31 70.91 68.81 73.31 74.7 / 75 .7 / 71.1 1 76.5 1 85 .9 / 92.1 1 85.6 / 83.91 70.1/ 68.9/ 88.2/ 96.71 76.1 1 86.2 Elevations 
No. of Hole 1 ~\~1~ \ ~ 1 ~\~1~1~1 ~1~1 ~ \ ~ \ ~ \ ~ \ ~\~\~1~1~~~~~~~~~\~ 
No. of 
1 19 1 18 / 15 1 18 / 15 / 18 / 13 /18 1 19 I 20 / 17 1 17 / 15 / / 21 / 21 / 21 / 22 / I 111 /10 /11 / Measurements 7 7 
1931 
1··:· ! 19 ! ~~ ! ~~ ! ~~ ! ~~ I i s· I ~~ I I is I / ~~ I / i9 I I I I I June 5 /" I ~~ I 36 I iii 6 ~~ 24 22 26 I .... 24 ... - . _. - 18 
July 7 I .... .. _- 11 31 33 28 
, :; 8 39 33 32 33 40 30 _.- . 34 -._-- I···· 25 23 16 26 9 41 35 32 33 39 28 .... 8 29 11 41 31 24 22 30 
10 40 35 33 31 40 25 _ ... 34 29 13 29 I:::: 34 26 23 28 11 41 36 34 83 41 27 12 35 33 22 32 33 .... 35 28 24 28 
13 41 37 88 34 42 25 39 19 20 11 16 I 28 30 36 28 25 30 / .... ! ... 
! ~~ 14 42 39 .... .. .... . .... ---- .. --- 24 28 26 .... I .... _ ... 37 81 26 31 ---- I 48 I ~~. 15 45 42 39 34 44 33 31 32 32 31 I .... I 3"5· I :::: 38 29 25 31 / .... I ~~~~ 45 17 22 14 22 
i, 2' 
I 40 31 I 26 I 32 36 I 47 I 44 
18 45 43 . -.... 34 .... 30 . ... 33 _ ... _ ... 
-- --
37 .. -_- 40 33 27 81 .... -- .. .... 47 58 21 36 16 36 -_ .. 33 30 
32 _ ... _ .... .... 
22 48 45 35 46 32 30 25 20 28 34 .... 40 30 27 33 . -.- ...... 31 ---- 59 
23 43 45 36 41 47 33 29 14 32 19 21 30 36 -.. - 39 27 27 31 . _.- .... 33 .-.. 56 
25 46 47 48 43 49 I 29 30 14 29 17 .... 36 _._ . 38 29 25 31 .... .. _ . 38 -.-. 60 
I 
I ~ ~ August 3 41 23 31 37 ---- .... ---- 27 27 35 24 23 28 . _-- .... . ---- 56 7 
----
3S .... _0_- ••• 0 25 37 24 26 
.... _.-. 21 
8 -... .... -_.- .. .. _ ... ._ -- 21 12 28 18 25 .... . _-- 36 30 24 27 .... _._ . ._.- 49 39 I 10 
14 ... . . ... _ ... ._ -. . ... 18 6 36 22 13 19 .... 
----
36 21 26 
----
._ . - .. -. 50 
21 35 37 25 17 21 38 33 25 30 .... . _.- 28 55 57 22 36 30 36 43 25 24 13 _.-- _ __ A .. .. .... 23 18 .... _ ... ... - _ _ e • ---- .... 111 26 32 37 22 21 12 .... .... .... .... . ... . ... 24 4 .... 40 .... 31 .... .... 21 .... . ... 23
29 32 36 28 24 32 13 29 10 .... .... 20 64 29 31 .... . ... . ... .... .... .. _ . 23 12 29 18 9 i·s· . ... 36 15 26 . 28 .... .... . ... 41 
September 3 35 36 31 28 37 19 34 32 25 25 
_._. 26 21 24 I 28 .... .-_ . 25 
, ~~ 4 .... .... . _ .. .... .... 30 13 24 .... . ... 31 I ~~ I ~": .... .... 59 57 I···· 11 38 31 25 32 38 25 .... . ... 32 62 .... 12 34 38 41 39 40 28 34 15 37 36 ... . .... .... .... .... . ... .... 18 .... .... . ... .... 25 28 10 39 37 37 30 . ... 33 . .. . .... .... .... .... . ... . ... 
I 33 I 39 I 37 I 37 / 43 I 36 I I Maximum 
1
48 
I" I" I" I" 
\ 39 I" i 33 / 40 I 40 /30 I" I···· I·· · I" 162 I" 141 Minimum 26 24 22 18 21 / 12 I 18 I 6 20 11 I 9 16 I 23 I 4 25 1 15 16 26 .... _ ... 20 41 39 10 I I I I I I I 
! 38 I ! 33 ! 32 I \ 25 I 23 I I I I / 27 , 32 ! 21 \ 35 \ 28 \ 25 \30 \ .... j .... \ 23 \50 t 55 , 26 Mean I 38 / 40 I 17 / 32 I 26 I 20 I I I I I I I 
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